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Introduction 


The topics discussed in this manuscript were included in & series of 
Jectures conducted by Mr. John G. Rocha, formerly of Weapons Development 
Branch, Research and Engineering Division, of the Springfield Armor) 

The con ቅ series was given at Rock Island Arsenal, Rock Talend, Illinois 
during the period October 1967 - March 1968. Preparation of these 
lectures was directed toward assisting ordnance engineers of the newly 
formed Smail Arms Research Branch of Reck Island Arsenal in becoming 
knowledgeable as to ordnance design prectices ccmmonly Known at 
Springfield Armory. 


A number of selected. ordnance design publications and tests were 
used as source data, and is noted in the bibliography, as well as other 
recommended reading. In addition to the published source material, 
available in most ordnance engineering libraries, observations aude 
during Mr. Rocha's 15 years experience.az ordnance design engineer 
at Springfield Armory are included throughout the manuscript. 


Included in the lecture series, foliowing a historical resume, are 
topics on interior and exterior ballistics, systems of weapon operation, 
stresses, dynsmics, kinematics of mechanisms, end ሓብ peculiar to ~ 
ordnance engineering, such as headspace, recoll forces, links, magazines, 
and evaluation of time-displacément curves. 

Emphasis is placed upon the coordinstion required between weapon 
design and ammunition design agencies since the weapon system demands: 
thet cach group be cognizant of weaporn/ammunition interface areas. 

In addition, this writer feels that amy new weapon design, or weapon 
system reflecting a quantum increase in firepower, must depend upon 
increased effectiveness of & intere Rare exceptions are the externally 
powered high rate of fire በር 8.8 guns that increase volume of fire 

pez installation. Advences in future weapon effectiveness m&y well be 
triggered by improvenents or new concepts in ammunition design. Therefore, 
&gain, the weapon designer should be knowledgeable of all the facets of 
ammunition design err dex mistry, ballistics, and thermodynamics, 

as well as cartridge case and projectile design. "Ballistics" includes 
interior, exterior, and terminal, or wound, ballistics. In an ordnance 
organization, only one or two engineers A be thoroughly femiliar 

with any phases of these aliled eciences, and will function as a 
conzultant to the section on the particular topic in question. 


ussed in these lectures should be of interest, 

levels of & smail arms design section; but 

ta on, each topic will be left to siens initiative 

ance engineering is a viable scienc and 
stantly outdating the status quo. 


The material dis 
and informative to al 
further specialized da 
of the user, since ore 
new discoveries are ce 
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Historical 


Ever since the caveman used ይ club or rock a5 the first weapons, 
man has continved to improve the design of his weapons, often with 
the hope that the new weapon developed would end all wars and bring 
peace for ali mankind. | l 


As an exemple, in 1704, a French engineer named Chaumette devised 
a new approach to solving the problem of leading & rifle frem the 
breech quickly and effectively. A presentation model of this weapon 
had the following inscription engraved on the Barrels 


"La Chaumette has made this terrible gun. Ail its 
patrons wiil be blessed for it is the means of 
ending war and establishing the Golden Age." 


Doctor Richard Gatling interrupted hie medical practice during 
the 1860's to develop his famous multiple barrel weapon, which 
principles are still preminent today. ጄይ confided to hig associates 
thet his weapon would put an end to all wars and bring peace to the 
world. Unfortunately, he was mistaken, because the development of 
any new weapon spurs the development of a counterpart. = 


Historically, Past Is Proisgue, and this is significant in many 
weapon designs. A prodigious number of weapon mechanisms have been 
introduced in the past that failed, but would be adaptable to future ` 


weapon designs if the principles are correctly applied. This is 


because of the many advances made in metallurgy, new alloys, new 
production techniques, and propellents. For example, the hexagonal 
bored rifle (Whitworth) of ever 100 years ago is being re-introduced 


- in the U.S. in 1968 (commercially) ይኔ rifling "without lands cr 


grooves". 


Development of Military Cartridge Case 


Friar Bacen was one ef the first Europeans to develop a successful 
formula for gunpowder. At this time, practitioners of the art were more 
concerned with the noise and fiash produced, and observed that confinement 
of the charge accelerated pressure build-up, but it aid net occur to 
them that this pressure couid be utilised to prepel shot. This activity 
started about the vear 1250. Another monk, Berthold Schwartz, used 
gun powder in the period of 1290 ~ 1350, Hs experimented with heating 
sulphur, ssltpeéter, mercury d 
mercury to silver, and succ 
in several explosions befor 
The Chinese alss used black powder, 
enly fer ceremonial and denonstrative purposes. 


Mechanical art in various forms dictated the courses of warfare 
E a! 


e cannon (from the Latin "CANNA") 
because of their reed-like construction, and the first prejectiles 


For the next few centries, ignition systems vere the principal 
design keys. Initially, the gunner had to ignite the powder through a 
blow-hole on top of the barrel, so that he could not ¿im at the 
same time. Accuracy, then, was only accidental. The teuch-hale was 
moved from the top to the right side of the barrel. A little ledge, 
or pan, vas added beneath it to hold tbe priming powder ana thus 


nake ignition more certain. A hinged cover was added to protec 

it from the weather. Barrels were lengthened, stocks were shortened 
and the general v rs ዕደ a medern gun began to appear., Most 
important was the development of & wick, or match, together with a 
device for holding it. This wae á twisted rope dipped ir saitpeter 
and spirits of wine, so that it burned slowly, as a punk; thus the 
shooter did not have to stay near the ceppfire to ignite his weapon. 
Thus mobility was impreved. 


o 
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jhe complete gun-lock, stock, and terral, appeared with the 
match lock, which was a spring-loaded device that breught the match 
.inte the priming mix when the trigger was pulled. 


Bullets developed slowly. Hand. cannon fired not only lead, but 
also stone, iron, steel, brass, copper, and tin missiles es well. As 
this was an age of exrerimentation in ballistics, there were alse 
cylindrical, pyramidal, rectangular, and barrel shaped bullets. 

Arrows were also popular, even silver buttens on one Historic occasion. 
By 1600, the lead ball was pea really used, The match lock, despite 
ite limitations remained in useage until the 1700's. About that 


& | 
time, wheel-locxs were rede which worked as simply as the cigarette 
lighter works; that is, friction between & serrated wheel and pyrite 
produced sparks to ignite powder in the pan. 


The first known reference to a cartridge was by Leanardo de Vinci 
about 1500, a simple tube of rolled paper, each holding powder for one 
ehet. The gunner simply bit off one end, poured a 1ttle pewder in - 
the pan and the rest down the barrel, The ball followed, snd the paper 
as a wad. Rate of fire thus improved. 


Then cane 
by striking fli 5 
ዝከሮፎእ። ኒይፎሯ ዘ d. were complex. T 
mechanism vas simple. The classic flintelock ማዳ a wa 
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in France in the early 1600's and carried on for at least two 
centuries, the most noted ማሙ the British Brown Bess pa the French | 
Charleville. At thie time firing rate was about 4 SPM. 


‘he flintlock mechaniem also made the pocket pistol really practical. 


One big improvement by Hemsy Nosk, was the plenum (or pre-ignition) 
chamber, to speed ignition, improve maintenence, and improve ballistics. 


A clergyman, Alexander Forsyth ushered in the modern era with the 
first successful percussion lock. This was the turning point in the 
history cf firearms, as it provided the basic theory for ¿11 future 
developments in ignition, including the modern metaiiic cartridge. 


Forsyth's hobby of hunting led him to his remarkable discoveries. 
He noticed that many of the wild birds escaped his fire by diving the 
"instant they saw sparks or flash from his lock. The ensuing hesitation 
in ignition was all they needed, Pe set about to re-develop the firearn 
in the late 1700's to remedy this inefficient ignition system. New | 
substances being experimented with at that time were called fulminates, 
or salts produced by dissciving metals in acids. When struck, they 
exploded violently. After much experimenting, Fersyth succeeded in 
1805 in directing the priming charge into the bere. With the help of 
James Watt, he patented bis discoveries. Many variations of his 
principles led to the percussion cap. This cap was placed on hollow 
steel nipple, and, when struck, directed a flash into the bore. 


The origin of rifling dates back to the early 1500's. Longitud- 
inal grooves were cut in the bore to collect powder residue. When 
someone epiralied the groeves to increase their length, accuracy improved 
to everyone's surprise. When tight-fitting projectiles were used, this 
led to problems in loading, until pressed patches were introduced. 

This also helped clean the bore. | 


However, with improved accuracy, speed of losding was sacrificed, 
by the time taken to drive tte bullet down the bore in loading. A 
French army captain, Claude Minie, refined the shape of some experimental 
hollow-based builets in 1849 so that, vie a iron. cup, the projectile 
skirt expanded into the rifiing. Hence the "Minie Ball" was born 
and proved to be highly effective during the (se-cslled) Civil War. 


Soon afterward, in 1853, an American dentist, Edward Maynard, 
developed a tape primer, similar to the common chiidren's "caps" in 
roll form for toy pistols. Hence, a method for speeding the reloading 
of the ignition system was devised. It soon became clear that ቲኒ - 
was easier to load & gun at the breech rather then putting a charge 
of powder, ball, and wadding down the bore, particularly when lying | 
down, confined or under combat stress. 


breech loading had been experimented with fer several centuries 
dating back to the early 1500's when shicld-type pistols, of necessity, 
were breech leaders, using an iren tube similar to the modern cartridge 
case. Firing was by a metch-icck. ን 


The first important breech-losding military weepon was French, and 
utilized a threaded breech plug perpendicular to the bore, which did 
not fall free, and was thus easy to load. (1720'&) 
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A large number of gun enthusiasts proceeded to develop a prodigious 
number of breech leading variations, but powder fouling, gas leakage, 
and endurance limited any success for well over a century. Finally, 
Pauly, ʻa Swiss inventor, initiated the concept of using the ammunition 
as the key to breech-loading design, in 1812, when ከኔ used a cartridge 
with a rimmed head of soft metal, te obturate.the propellant gases. 
These cases had paper bodies with brass heads, like common shotgun . 
shedls. One of his technicians, Johann von Dreyse, becams one of the 
most historic figures in the development of breechleaders, as the 
inventor of the bolt action rifle with the "needle gun" principle 
of igniticn. The basic principle was that of a priming compound . 
in a hollow at the base of the buliet. The primer was detonated by a 
long firing pin that pierced the powder charge. 


With this gun, the Prussians dispatched the Danes quickly, and 
the Austrians in only 7 weeks, in 1866. Additional developments 
were made to shorten and strengthen the firing pin, which proved to 
be a problem in erosion and endurance. 


Christian Sharps made another important contribution with bis 
lever action carbine. He utilized a separate-disc priming mechanism 
that automatically positioned a primer over the nipple for each shot. 
This weapon was prominent in the Civil War, as well as in pioneering 
and scttling the West. It was the last of the important combustible 
case weapons. Cartridges were made of paper, linen, rubber, metal foil, 
and sheet metal, in a variety of breech mechanisms. The basic problem 
of all breech-loadezs was the same: that of obtaining a quick-acting 
gastight seal.in a mechanism that could function for a follow-on shot. 


The pin-fire type of cartridge was briefly successful, but proved 
te be fragile, and prone to eccidental firing. From the side-firing 
pin-fire followed the teat fire.and the rim-fire, which was limited 
to low-powered cartridges, because the metal had to be hard enough 
to support the chamber pressure, yet soft enough to be easily indented 
by the-hammer or firing pin. The center-fire cartridge eliminated 
this limitation. In ዩከፈ8, a primer pellet is crushed by the striker 
against a rigid anvil, with vents leading into the main charge. 

Two important types, by Col. Berdan, U.5., &nd by Col. Boxer, U.K. 
were develeped and have been essentially unchanged in 100 years. 


The 1873 Springfield .45-70 trap-door model was simply a means 
of converting. stockepiles of muzzle loaders ints breech loaders. 
One problem proved te be in tight extraction after prolonged firing 
due te thermal expansion of the breech end of the barrel. 


During this period, in the U.S. and U.K., 120 actions end 50 
cartridges were considered in a search for most acce table mechanisn, 
attesting to the variety of inventions produced in the 1870's, follow- 
ing intreduction of the modern metallic case. 
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In 1889 Alfred Nobel invented "smckeless'' powder, Vielle of France 
developed the baliistics theories, and the age of high performance 
weapon systems wes born. 


The United States Light Rifle Program 


This section is a resume of the activity, generally at Springfield 
Armory, directed at satisfying the User's requirement for a light- 
weight automatic shovider weapon. This requirement wes a natural 
follow-on to the semi-automatic (8 round) Ml rifle which gave the U.S. 
a significant advantage over other countries that were armed with bolt 
action rifles. 


Modifications to the Mi system were initiated in 1944 as the 
Springfield Armory 120 series and the Remington Arme ፲፪ፊ series. 
These developments included use of 20 - round box-type magazines 
selective five with semiautomatic fire on "closed bolt" and full 
automatic fire on "open bolt". ("Open belt" means that the boit 
is held in the full recoil position between firing bursts.) (tris 
is dme to minimize the danger of a cock-off, the inadvertent firing 
of a cartridge caused by the cartridge being in contact with & hot 
chamber.  Ingition is by conduction of heat through the brass case 
and into the propellant. The primer is nct struck.) Fventually 
the requirement for the "open bolt" sear was deleted. 


e (M 


Experiments also included use of cut-off end expansion ges systems, 
muzzle brakes, compensators, bipods, and a number of minor items. 


The initiation cf the formal light rifle program vas featured by 
a shorter cartridge, the. T65 series, which eventually was developed 
into the 7.62mm NATO standerd cartridge. The Cal. 30-06 cartridge . 
(used in the bolt-acticn Springfield '03 as well as the BAR and the Ml 
rifle) is 3.33 inches long, whiie the NATO cartridge is 2.80 inches long. 
One of the first rifles to take advantage of the shorter cartridge 
was the ፲25 rifle, a Springfield Armory design. IE featured a tip-up 
bolt lock not unlike the RAR lock, an expansion ges system, and an 
inline butt-stock to facilitate control in automatic fire. User 
preference in styling dictated redeveiópment cf this model as the 
147, with a conventional drop-stock. 
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Another Springfield Armory development was the T28 light rifle, 
which featured.a modification of a German conceived breech mechanism, 
extensive use of stempings, and an inline buttstock, also to assist 
in control of autematic fire. The locking rollers lock the bolt 
to the barre] extersicn, 85 typified in the Germen MG42, the Spanish 
CETME, and the current German G3 vifle, However, these European 
modeis are engineered te utilize a retarded blowback principle of 
operation to cycle the weapcn. This does not allow a reserve of 


è 
3 
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conditions, so the T28 


power in the event of firing under adverse 
ed rollers and a gas system 


rifle was developed with positively Lock 
of operation to power the bolt carrier. 


The T44 series of weapons was basically a con inuation of the T20 
series of Ml rifle modifications. Eventually, this model (T44E4) was 
standardized as tbe Mi4 rifle. 


The T31 rifle was an experimental model designed by John Garand 
which was characterized by an inline Stock, "bull pup" configuration, 
a pistol grip in front of the 20- round box magazine, and a number of 
uncenventional promising features. These included, ameng others, a 
simple leaf-type driving spring, a firing mechanism that utilized 
only a short stroke of the operating rod, and a gas-operated barrel 
cooling system. If this weapon had been continued in development, 
it could well have minimized the necessity for use of the MICE! rifle. 
Of course, this is a speculative statement, but it demonstrates how 
"timing" in the intrcduction c£ a novel weapon is important. The 
User must be prepared to accept ë seemingly unconventional item. 
User preference in styling "feel" (balance), sighting geometries, 
and other intuitive qualities cannot be technically measured. 


The T35, T36, and T37 mcdels were interim phases between the 
T20 and T44 series. | 
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The T48 rifie was the Belgien FN entr in the competition for 
selection of a NATO rifle. It was also chambered for the TOS 
cartridge, as was ail of the models in the preceding patagrapus. 


A pilot line cf 500 models was manufactured in the U.S. ny H&R., 
in order to measure adaptability of the design to U.S. production 
and inspection techniques. Selection of the standard U.S. rifle 


was eventually based upon a series of U.S. User tests. 


for an advanced weapon system 


A series of fezsibility S 
is was based upon the observations 


e 
evolved ag tbe 'Saivo" concept. 
made under combat conditions of the shooters level cf ability, or 
inability, to hit his target. There are many fecets to this problem, 
but it can best be summarized as effort to improve "Rit probability". 
Weapon developments centered escut test fixtures using muitiple 
barrels, for simultaneous, or rippie-fire multiple shots pez trigger 
pull. ‘he SPIW rifle program 'g one generation of this concept study. 
The 7.62mm Duplex cartridge is one result of this program. 


The SPIW system is a shcuidez weapon thet fires a lightweight 
flechette projectile saboted in a amooth-bore 5.56mm barrel, The 
firing mechanism is designed t permit singie-shot semi-autcmatic, 


à o 
high-rate three-round: burst semi-automatic, or full automatic fire. 
The lecture on "Dynzmiícs cr Áutomitic Rifles" will demonstrate that 
the high-rate three-r2und-burst is cptimum commeniurate with control- 
lebility and hit prcbability. | 


sal 


Studies of liquid propellant rifle systems «re discussed in an 
ensueing chapter. 


An additional rifle development was the Springfield Infantry 
Rifle, designated as "SG.I.R," This wes 2 lightweight, compact, col, 
.224 automatic rifle that was designed to incorporate the best 
features of all of the infantry rifies developed to date, and using a 
lightweight cartridge that preceded the present 5.36mm round used in 
the MI6GE1. This program wes also derivative of the "Salvo" concept. 


Designers, or principal engineers, of the weapons disclosed in 
this chapter are as follows; 


` T20 series john C. Garand 
T25 l E.M. Earvey 
T28 C. A. Moore 
T44 i L. 8, Corbet 
T31 John C. Garand 
SPIW R. E. Colby 
SIR A.J. 11228 


An excellent descripticn of U.S, standard machine guns is given in 
Smith € Smith's eighth edition of "Smell Arms of the World" as well as 
in G.M. China's Vols I - 1ኛ of "She Machine Gun". — 


Caseless Ammunition 


Now efter the 100 year period since cartridge cases were intro- 
duced, efforts are being made to eliminate them, taking advantage 
of the growth of other technologies, such 58 metallurgy and chemistry.. 


In chemistry, new forms of caseíess ammunition have been developed, 
such as a solid molded propellant containing the projectile and a 
combustible percussion primer. In petellurgy, new and improved 
paterials may lead to successful methods of obturation, the reduction 
of heat transfer, and elimination of erosion and cook-off. 


té 
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What are the advantages of this I facet of ordnance design? 

Essentially, they are £s follows: | 

1. COST - The price of a carer 
cost of à complete 


vidge case is approximately one half of the 
r g S 
ammunition cost in h 


። 
and, Eliminating the case should cut 
(However, note development effort 


2. WEIGHT - The weight of a bras 
ፎር 


& case is approximately one half of 
the weight of the t 


[eV 
“e round. 


3. BULK - The molded caseiess c »tridge is approximately 25% shorter 
then the cased ammunition. 


ta 


4. ELIMINATION of spent ርዴ56ሯ thet clutter the compartment of à 
vehicle, particularly larger caliber weapons. 


5. Possible simplification of gun mechanism, such as eliminating 
close tolerance headspace dimensions. 


6. Critical cartridge brass material will not be required. 


The weight and bulk factor 816 especially attractive from a 
logistics and installation point of view. 


For exemple, in comparing the 7.62um NATO cartridge with a 
comparable 7.62mm caseless round (of comparable ballistics), the 
. Nato round weighs 290 grains and has a storage volume of .85 cubic 
inches, while the caseless round weighs 196 grains and has ይ storage 
volume of .64 cubic inches. jhe effect of this is that an infantry- 
man's ammunition lead (220 rounds) is reduced from 15 lb. to 8.7 lb., 
or, if the same combat load is used, the caseless ammunition complement 
is increased to 430 rounds. 

For armament installations, the advantages are particularly 
attractive. In heiicopters, as in all aireraft and most vehicles, 
-weight and space are at & premium. A typical installation, the M6 
Armament Subsystem, (Quad 7.62nm M60C machine guns) carries 6000 - 
rounds, with a weighting of 399 ib. and a volume of 3 cubic fect. 
Caseless ammunition would weigh 190 lb. and heve a volume of 1.95 
cubic feet. If the same system weight is heid, the ammunition 
complement could increase from 6000 rounds to 11,500 rounds. 


So much for the prospects, but now what are the problema? 
This is where the present and future development effort is concentrated, 


and is generally as follows; 


1. COST - Establish preduction techniquege so that ultimate mass 
production at low cost will be realized. 


2. CONFIGURATION - The proper size and shape of caseless 
ammunition commensurate with the following: 


a. Production techniques and control 
b. Weapen design (close coord. req'd) 
c. Ballistic efficiency | 
d. Feeding, storage, and handiing 


3. OBTURATION - Chamber, bolt, firing pin 


4. COOK-OFF (Cartridge case had functioned as insulator) 
5. ERCSION and fouling 

6. MISFIRE extrection 

7. COATINGS agzinst moisture 


8. STRENGTH to support handling & feeding (durability) 

Of the above problem arcas, obturation, or the sealing of the 
high pressure gazes from excessive leakage, is expected to be the 
most articulate if endurance is expected. That is, @ self-acting 
durable seal for an automatic weapon will not be merely a close- 
tolerance fitted component, pecause prolonged firing will cause 
thermal expansion of componente to varying 3676 35 ፡ 


Some relief from the wide scope of problem areas inherent in 
a caseless system may be realized by using 4 partially combustible 
cartridge case. This ie done in the 105 mm howitzer and 105 mm gun 
area. In this, a stub brass shell is used, in order to provide 
obturation, ease of extraction, etc. etc. A significant reduction 
in cartridge brass is realized, being approximately 85%, rather 
than the 100% of completely caseless emmunition. 
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Liquid Propellant Systems 


Approximately 10 - 12 years ego 2 considerable amount of work was 
done in exploring the feasibility of utilizing liquid propellants 
in small arms. The range of programs was quite extensive, and 
enveloped a number of applications and philosophies. Initially, it 
was held to be promising for ship-board installation, where the 
propeliant bulk could be stored in remote areas, and pumped to the 
weapons. This concept then was applied to tank guns, then interest. 
grew in the small arms field. 


There are. two general categories of liquid propellant systems: 
the menopropellents and the bi-propellants. In the bi-propellants 
two separate liquids, a fuel and an oxidizer, are pumped into a 
chamber where hypergoliz ection crvsez ignition and burning. No 
primer or igniter #5 used. Monmepropellants are single fuel systems, 
with ignition by. separate means, euch as spark, primer, compression, 
glew-plug, etc. 


The advantages of ይ liquid propellant system are generally as 
follows: | 


1, Greater impetus per pound of propellant for liquid (over 
solid propellant) systems. | 


2. Sharp reduction in pressure peak through control of pressure- 
time interior ballistics. 
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pt Hyper-velecities possible (over 5000 fps projectile). 
4. Reduced heat trensfer to barrel and chanber. 

5. Cleaner burning (no fouling). 

6, Reduced erosion. 

7. Elimination of cartridge brass. 

8, High capacity weapon systems may be realized. 

9, Reduced smoke and flash. 

10. Reduced receil peak leads (inherent with item 2 above). 


11. Remote storage of propellant (for vehicular installations) 
to seve space in gunner 's compartment, end for safety. 


12.. High firing rates possible in certain weapon designs. - 


During the course of development, it was realized that the high 
impetus propellants were extremely corrosive and unstable. Erratic 
pressure peaks and erratic ignition & burning ensued, until eventually 
the bulk o£ effort was directed toward monoprepeliant systems in | 
which the propellant was 8 mixture of hydrazine, hydrazine nitrate, 
and water. (approx 70-25-5) A typical bi-propellant combination 
would be Red Fuming Nitric Acid and Hydrogen Peroxide, for example, 
there being a wide range of propellants considered. 


Two philosophies in the liquid moneprepellant field centered 
about the control of the pumping, OF chamberefilling, process. - One 
was a constant-pressure theory, the other 2 constent-velume theory. 


In the constant-pressure system, the chamber was filled until 
a definite liquid pressure of the full chamber was attained. Here, 
as firing progressed, any ehange in bullet seat would change 
bullet position, increasing the propellant volume, causing & change 
in interior ballistics. 


In the constant-volume system, a definite, measured amount of 
liquid was pumped inte the chamber. As firing progressed, any change 
in bullet seat would cause ullage, or an amount of air, in the chamber, 
which caused erratic ignition and uncentrolled interior ballistics 
performance. | ts 
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In general, the folicwing problem areas remain unsclved and 
constituted the principle R & D effort: 


]. Obtvration, both at low (fill) pressure and bigh (burning) 
pressure 


2; 'Agoüteéen 

a, Erratic 

b. Energy source for spark 
3. Purging system after misfire 
4, Pumping 


a. Gayitation 
c. Leakage 


6. Pcor low temperature characteristics of propellants. 


This section reviews some of the fundamentals of interior and 


exterior bailistics, recoil forces, and dynamics of automatic rifles. 


from a mathematical, rether than hardware, perspective. 


€ thet design engineers should be knowledgeable of the 
sciences that affect theix product. 

Much of the deta indicated here may be corroborated by test 
fixture firings, sinc e results are limited to specific calibers, 
weights, velocities and other characteristics. These fields are 
constantly in need of revision because the formulae involved are 
limited to the specific conditions of the tests observed. This 
a that the science of ordnance engineering is 


An understanding of the fundamentals of interior b 
essential for the weapon design engineer. This à ፎ 


t-* 
ር 


development ‘of pressure in the chamber and bore affects the weapon, 
operating system, and is a basic weapon/ammunition interface area. 

The weapon designer should be prepared to make positive recemnendations 
as to ballistics parameters when a new weapon system is being specified, 
or is in a state of development. 


The follewing are examples of weapon/anmunition interface areas 
that requires knowledge of interior ballistics by the weapon designer. 


a. Headspace linits, 

b. Tining breech opening, 

c. Development of stresses on barrel bolt lugs and breech ring, 
d. Rifling twist, 

e. jarret and chamber erosion, 

f. Gas pressure ‘at orifice (for gas operated weapons), 


g. Gas pressure:at muzzle (for recoil operated weapons) for 
design of muzzle booster, 


h. Construction of primer to prevent primer puncture and/or 
cup flow, 


1. Construction of cartridge case to. prevent case splitting, 
j. Reduction of smoke and flash, as well as various products, and 
k., Ballistic stability at temperature extremes. 


A diagram of a typical Cal. ,30 pressure travel curve is analysed 
and illustrates pressure and velocity with respect to bullet travel. 


This typical cartridge fires a 150 crain projectile at a muzzle 
velocity of 2700 feet/second. Quite simply, the formula for projectile 
muzzle energy is: E z W*:/2g. 


2 
5 5 _150x 2700 , 9420 £t. lb. 
7000 x 64.4 


Correlate this with integration of the pressure-travel curve; That 
is, the area under the curve multiplied by the bore area is equal to 
the energy developed. | 


Travel scale 1/4" z 1" (typical) 


Ref.: Hatcher's Notebook by J.S. Hatcher, Chapter on Interior Ballist: 
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COMMON POWDER TYPES for SMALL ARMS 


CORD RELAET 
STRIP FLAKE 


<> 


SINGLE PERFORATION MULTIPLE PERFORATION 


ር 


ሇሱ... 
Ya 

D o) 

J. ROSETTE 
BALL 
4 C) 

O x. | 
O E O FLATTENED BALL 


ኤጋ 


NOTE: The pressure the propellant develops 


varies inversely with the thickness of propellant grain. 
AA a a 


NN በ መቻ 


14 


pressure scale 1/4" = 5000 psi. 
each square cz 1/16"* = 5000 in. jt ain” 


Count of squares z 78 (use of grid) 


oa 


78 x 5000 = 390,000 in. Ib. fin.” 


Bore area a (7/4 3084 e «0745 TR 


| 


Energy = 390,000 x .0745 = 29000 in. lb. 


o 


'ጅ 5 2,420 ft. 1b. Therefore, the data correlates. 


The identical procedure is utilized with a pressure-time curve, 
in which the unit is lb.-85ec., OF à neasure of impulse. 


Note that if a heavier projectile were used, which would result 
in increased muzzle energy, 6ኛ 8 nore powerful charge were used to 
increase velocity, then the area under the curve would have to increase 
proportionately. Since barrel travel is constant, then the pressure 
would have to increase. This is one penalty that 4s' paid: for 
packing more propellant into the cartridge cease. 


At times attempts have been made to alter the shape of the pressure 
curve, so that a lower paak, acting for a longer time, would result 
in reduced weight of locking mechanism barrel, etc. but there are 
limits to the effect cf such a change. 


The development of pressure in the weapon is alse controlled by 
simply changing the chemical composition of the powder or by changing its 
form. The pressure the propellant develops varies inversely as the 
thickness ef the propellant web. Smoke less powders are most commonly 
used, being a double-based composition of nitrocellulose (gun cotton) 
and nitroglycerine. When completely deccnposed, nitrocellulose j 
yields CO5, CO, H50, No, and nitroglycerine yields CQ», 859, N2, and 02. 
The expicding temperature of both materials is about 16096, =200%ሚ. 

Note that the propellant contains its own oxygen. 


A material advantage of smokeless powder over the old black 
powder is the fact that it burns in parallel layers. Therefore, by 
appropriate shaping, the burning rate, and thus the rate ok pressure 
increase, may be controlled.’ 


Moisture must also be controlled in nitrecellulose powders. A 
change in moisture content of + 1% changes the muzzle velocity by + 12 fps 
spd the gas pressure by + 750 psi. 
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Temperature change 8556 changes gas pressure and velocity 
accordingly. The propellant is ignited by the primer charge, either 
fulminate of mercury or lesó acide, so that a large flame is created 
by adding a very sucface-rich powder, so that practically ali the 
powder grains begin to burn et the seme time. The rate oí burning 


ሬ ል function cf the pressure of confinement. The speed of reaction 
increases with increasing pressure until a pressure and temperature 


maximum is reached, producing £n explosion. Loading density, therefore, 
I 


e 
et 


is an important value in internal ballistics. Loading density 


i 
the ratio of propellant charge to chamber cavity volume, im grems per C.C. 


Improper selection of oropellant chemistry could result in a 
high temperature increase at concentrated points in the propellant 
mass, causing 8 pressure wave to emanate, thet traveis through the 
powder mass in a shock wave, creating a detonation. 


In order to guarantee consistent burning from round to round, 
and thus consistent pressure development, the chamber density should 
not exceed a maximum v&lue, which depends upon the burning heat of 
the powder used. The loading density, therefore affects uniformity 
of weapon performance. 


Development of formulae on Internal Ballistics has 
principally through the efforts of Vielle (France), Gran 
and Cherbonnier (France). 


n 
(Germany) 5. 


“4 ፦* 
ዓ 


The burning temperature of nitrocellulose powder will peak, in 
a typical weapon, ât 300098, with the temperature át the muzzle exit 
of 2000°K. 

Jt has been proved mathematical 
muzzle velocity of a projectile, usi ‘trocellulose powder is 
9100 fps. This considers 36% of the charge transformed into muzzie. 
energy of the projectile and charge. This figure is only of 
academic interest, because it requires extremely high charge to macs 
ratios. "Charge to mass ret 
projectile weight, end for small arms varies from .3 to d. Higher 
propellant loads are inefficient, causing temperéture and barrel 
erosion values to accelerate. 


y that the maximum attainable. 
t 


on of muzzle veiocity with powder temperature 


A typical variati 
change is as follows: 
Temp. degrees E. . ሂይኒር=2፻ሃ 
0 2631 
10 2641 
20 2645 
30 2657 
40 2668 
50 2682 


Temp, degrees E Velocity 


60 : ¿ 2700 
70 2722 
80 2750 
90 2784 
100 2827 


Five. general equations are commonly used in the development 
of interior ballistics theory. These are: | 


1. Equation of state of propellant gases 
2. Equation of energy 

3.. Equation or motion 

4, Burning rate equation 

5. form function 


The equation of state is used to develop the equation of 
energy, which in turn is a statement of how the energy released 
by propellant combustion is.distributed during weapon operation. 
The equation of motion is the solution of forces due to the gas 
pressure accelerating the projectile. 


The burning rate equation determines the rate at which new 556 
is being generated in the gun by the combustion in the charge. 
This rate is & function of the pressure of burning, and the area 
of the reacting surface. If this surface is not constant, it is 
necessary to introduce the form function to account for effect ef 
the charging burning surface on the rate of generation of gas in 
the gun. | 


A detaile 
in "Interior Bai 
Feb. 1965, Chapt 


€ A 


ics of Guna", AMC Pamphlet #706-150, dated 


it should be pointed out that a general theory of gun barrel erosion 
has not been formulated because the erosion rate decreases es the 
gun is used due to changes in the interior ballistics resulting from 
the erosion, A number of general theories have been evolved one of 
which assumes thst, due to roughness, the surface melts only locally, 
so that erosion is at "hot spots", thet shift about on the surface. 


Black Powder 
Black powder was commonly used es the sole propellant in guns 
up to the end of the 19th centry, when they were replaced by the 


nitrocellulose powders. 
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Being the original "aQunpowacr! since the 13th centry, it is 
a mixture of 75% sodium nitrate (Saltepesey) 13% cep cua): and 107, 
sulphur. It has consistently proved to be an undesirable propellant 
for the following reasons: 


1. It burns incompletely, leaving large amounts of residue 
in the bore. 


2. It creates high temperatures locally when burning, causing 
rapid erosion of the bore. 


3. It creates large billows of black smoke. 


4. It tends to detonate, developing a high reaction speed 
that is incontrollable. 


5. It must be stored in airtight containers, since it deter- 
iorates when exposed to moisture. Deterioration causes 
unstable burning. l 


| 6. Has highly responsive to friction, shock, and sparks. 
! 7, Black powder dust is highly dangerous. 


However, it is used as either a primer or igniter for boosting 
propellant charges. i 


Rifling Twist 

In specifying rifling twist, the most common practice is to 
follow prior art, either military or commercial for the same projectile 
form and weight. Increasing projectile weight causes the projectile 
to tend toward being unstable unless the twist is sharp enough. 
Therefore, the twist required varies with the projectile weight. 


The torque developed by the rifling in providing rotational 
acceleration is given by the formula; 


2 
Torque = Fa/2 = 2 AXq pd/NW 


F 


Rotating force 


d Caliber 


A, z Axial moment of inertia (grains-in?) 


p =z pressure 


= 
a 


- Twist (calibers/turn) 
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W =- Bullet weight 


e. E eek 


ር = .11 for conventional projectile accordingly, F = bed dy p_ 
| ! —, 


Gain twist is employed to gradually accelerate the projectile to 
the required spin rate. The gain twist exit angle is equal to the 
helical angle of conventional straight twist required for a comparable 


projectile. 


The projectile jacket is a composition of 90% copper and 10% 
2180 


- Distribution of Energy 


For a typical conventional weapon, the energy developed by the 
propellant, assuming complete combustion, may be distributed generally 
as follows; | 


Projectile forward motion 32 ,00% 
Projectile rotation | | | 414 
Projectile — 2.17 
Weapon recoil 5 v 
venisset dieti gas motion 3.14 


Heat loss to gun and projectile 205.7 


Latent heat losses in 
propellant gases 42.26 


Propellant potential - 100.00 


One particular exemple, as measured in the Cal. .30 BAR, is 
as follows, expressed in terms of calories; 


Heat to cartridge case 131. calories 
Kinetic Energy of Bullet S853 M 
Kinetic Energy of Gases 569,1 w 
Heat to Barrel 679.9 M 
v D ie WA 89-71 j 2 
Heat in Gases 598.6 ቭ 
Total 2863.9 calcries 
Frictional Heat Loss 242.0 de 
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Exterior Ballistics 


Exterior ballistics is the study of projectile motion frem the 
muzzle te the target. An understanding of this topic is important to 
effi 


a weapon designer because he should try to promote efficiency in project- 
ile design end effecitveness to the limit of his capacity. That is, 

a gun designer develops a given weapon to the specifications of 

minimum weight, maximum reliability and endurance, producing a given 
velocity to a projectile cf a given weight, size, end shape. Lf 

the projectile design is of maximum efficiency, the projectile 

remaining velocity will be high (minimum drag or retardation) and 

the effective range will be maximized. A gun designer should strive 

for the maximum effective mileage and penetration at long range of 


each round fired from his weapon. If the projectile design were 
lowered: in efficiency, then the effective renge would be reduced, or 
effectiveness at the target lowered. Then, in order to increase 
weapon system effectiveness, a heavier or higher velocity projectile 
would be specified, resuiting in higher pressures, loads, barrel 
wear, and stresses on the weapon and mount components. Therefore, 
again, it is most important that close co-ordination be maintained 
between weapon and ammunition design agencies, es their product 

is so inter-related, for maximum system effectiveness. 


‘Two importent elements of exterior ballistics data ere the 
trajectory and the remaining velocity. The trajectory is the curved 
path the projectile follows in the eir and is a function of gravity 
and (1) angle of departure, (2) air resistance, (5) shape of the 
projectile, (4) projectile diameter, and (5) projectile weight. 
Remaining velocity, of course, is a measure of the projectile velocity 
at any given range 25 a function of muzzle veiccity and the elements 
of air resistance that slow the projectile. “ne remaining projectile 
energy is then computed, as well as any other function of velocity 
that effects the lethality of the projectile, as well as other 
terminal effects. 


The study of projectile lethality, or striking energy, is called 
terminal ballistics, end is a complex study, if all the elements of 
wound ballistics ere to be understood. Thet is, there is a variety 
of phenomena that occur when 4 bullet strikes, and this is a function 
of projectile velocity, shape, structure, angle of impact, etc., as 
well as target structure, density, etc., etc. Many of the facets of 
this subiect are not well understood. 


ory in a vacuum is a common practice 


The calculation of & traject 
in high school physics, but for an accurate treatment, a series of. 
exterior ballistic charts have been prepared that enable anyone to 
piot trajectories for eny cartridge with sufficient accuracy. A 
typical chart is "Ingalls 52allistic Tables", prepared by personnel 
of E.I. DuPont De Nemours GGo., Inc. and another Ls the Speer 
Ballistic Calculator, slide-rule type of chart. The data is 
arranged in a series of logarithmic curves (28 a slide rule) in 
order to facilitate the math Process. 


a“ 
2. d 
a 


With these aids, curves of projectile velocity and energy up to 
1000 yards can be obtained and compared with each other. It will 
become apparent how important the "Ballistic Coefficient" is in 
reducing drag, or velocity retardation, and thus getting more 
mileage out of the round fired. The ballistic coefficient is, 
in effect, a measure of the efficiency of the projectile form. 
The higher the Ballistic coeeficient, ("C"), the better, and 
vice versa. The value of "C! for tbe 7.62mm 150 grain bost-tailed 
projectile is in the order of .4 - .38/. 


Other common values of "C" are: 


Projectile i 
.22 Long rifle, 40. gr. | 387 
,224-55 gr. SP (flat base) . 209 
.223-55 = boat-tail | - ,280 
.270 WIN-130 gr. expanding pt. 496 
“30/06 Spfld - 110. gr. | .237 
30/06 Spfld - 150 gr.  . - . .323 
30/06 Spfld - 180 gr. ,560 
7.62mm - 125 gr - M43 (Soviet) } 21. 
45/70 8,0,፻. e 965 gr. 219 


In general, a bullet with a long, smooth ogive, minimum point 
diameter, boat-tailed, and high in weight, will have a good 
ballistic coéfficient. The long ogive radius reduces head pressure, 
and the bcat-tail reduces suction at the base. | 


The ballistic coefficient is calculated as C = w/id?, where 


projectile weight in lb. 


We 
d = projectile diameter in inches 
i - coefficient of form. 


The coefficient of form depends upon the ratio of the bullet 
ogive to the bullet diameter and the effect-of air resistance on 
the point. . Bullets of different calibers that have the same shape 
(mere scale-ups) have the seme coefficient of form. The tables 
given in the DuPent charts have been compiled from firing, as 
well as tabular, data, from several sources; being averaged when- 
ever there were differences. 
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In using the DuPont chart for bullet fozm, maten the bullet 
profile carefully, noting that the sharp points on the dizgram are 
for drafting reference only. The table makes adjustments for the 
diameter of the hollow point or flat nese. | 


The charts use a series of vertical reference planes end scales 
for each of the factors in the equation. Following the step-by-step 
directions for the given charts, data may be obtained for plotting 
the curve of remaining velocity up to 1000 yards range; the angle 
of departure; the time of flight; the maximum height of the trajectory; 
the angle of fall; vind deflection; and the remaining energy. 

The charts on the following pages compare the remaining velocities 
and energies of a number of commercial and military rounds. Note 
that the comparison of values at the muzzle is not the same as the 
comperison at, say, 500 or more yards. This is where the ballistic 
Goefficient makes a significent difference. 


Charts #1, 2, and 3 are related to a following dissertation on 
‘pgllistice Cecfficient",. 


Chart #4 shows the efféct of increasing the weight of, for 
example, a-5.56mm projectile. The resultant change in rate of 
velocity loss reflects a variation in the remaining energy level over 
the range of 1000 yards. In chart #5, values of remaining velocity 
and energy over the range of 1000 yards are shown for the three 
current military cartricges. 


In addition, when the remaining velocities ere determined 
by the use of ballistic tables, a variety of data may be derived, 
as shown in chart #6: Here, two philosophies of projectile 
effectiveness are shown in a comparison of the 7.62mm NATO 
and the 55 grein 5.56mm cartridge. 


Remaining impulse end MV 3/2 curves reflect a comparison of" 


le 


these two standard cartridges over the range of 1000 yards. 


The coefficient of eir resistance as a function of the Mach 
number is shown es follows: (p. 181 Oerlikon handbook) 


1 ROUND 
NOSE 
| SPITZER 

POINT 


1. ee 2. MACH 


SIN A= “MACH” 
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Spark photogaphic techniques of a projectile in flight 
permit measurement of the velocity as a function of the Mach 
number. 


The complex nature of the bullet's trajectory is due to the > 
fact that for a spin stabilized projectile, the mass of the projectile 
is not concentrated at the center of gravity and the projectile doses 
not travel exactly in the direction of its axis, but yaws, oscillating 
about the tangent of the trajectory. This angle is the angle of 
precession, and is caused by the alr resistance and moment with 
respect. to the center of gravity. 


The projectile in flight is stabilized as a gyroscope is; by 
spin. Such a rotating bady possesses an angular momentum that tends 
to resist forces that act to tilt the spin axis. ; 


In comparing the behavior of a.gyroscope, if a force is applied 
on the head of the projectile, P, © 


the projectile will turn, not about the horizontal axis, but will 
precess, or turn, about the vertical axis. This motion is called 
precession, and is due to the spin imparted by the rifling. 


The force causing bullet deflection is not a lateral 
force against Ne out of the bullet, but a force applied at 
some other point on the cgive. There, it will tend to tip the 
bullet, and gyroscopic precession must result. 


With comparable rates of spin, the angular momentum of a 
short fat bullet is much greater than that of a long thin one of equal 
weight, and the short fat one accordingly will precess more slowly 
and deflect less. . Thus it will result in less deflection from 
branches and twigs. This is why reund nose bullets have better 
brush - bucking ability than spitzer - point bullets, 
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Another famtiiar phenomenon is called bullet drift. It is 
well known that bullets tend to curve to the right of the line of 
sight when fired over long range, assuming ይ right hand rifling 
twist. This is also due to the eynasceptc effect. The force 
opposing gravity, on the ogive area forward of the center of gravity, 
causes precession to the right, because of the right hand spin. 
The yaw is the attitude of the projectile with respect to the 
Vongitudine) axis. 


| Likewise, windage will ‘cause the projectile to strike higher 
or lower, pad id upon wind direction, Wird blowing from right 
to left will cause bullet drift to the left, and at the same time 
(assuming right hand twist) due to gyros ac precession, will cause 
the bullet to strike low. 


Wind direction from left to right will conversely cause che 
buliet to drift to the right, and strike high. 


The following informal dissertation on "The Ballistic 
Coefficient", by this author, egain cutlines the significant 
chare 2teristics of the baliistic coefficient. Of particular 
importance ís the comparison of the .264 (6.5mm) and the 7.62mm 
NATO remaining energies, which sre equal from 600 yards to 1000 
yards o (Char € #2) e 


Also significant is the comparison between the NATO round 
and the Cal. .20 - 172 grain bullet which shows, for example, that 
the Esevisr bullet hes as much energy at 1000 yards as the NATO 
has &t oe SMS. This is where firepower is improved without 
LY 


paying a penalty in the weapon. 


Bellistic C Coefficient 


What is it? Very simply, it is a measure of the efficiency of 
a projectile in flight through the air. If we were firing in a true 
v&cuun, there would be no need to consider a bailistic coefficient, 


wo 
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but firing in a true vacuum only occurs in high school textbooks 

and the rest of us have to put up with air resistance, which cr 

frictional resistences and 5225. This causes the projectiie to 
d 


m e 
steadily lose velocity. The rate at which velocity drops is deter- 
mined by the Ballistic Coefficient. The higher the value of Ballistic 
Coefficient, the greeter the efficiency of the projectile in flight. 
The practical value of studying the Ballistic Coefficient should 

be apparent to thore who seek a flatter trajectory, nore impact energy 

at longer range, and á longer effective range., Ineteed of cramming 
more or hotter powder into the chamber to incresse energy, which, 
by the way, ads dangerously higher strains to the barrel, Locking 
lugs, and cartridge csse, ard shooter should pay closer attention 
to the bullet veight end hn aa These are the factors that 

n fi 


determine Ballistic — ient projectile would: 
be essentially heavy (seme even cons : of & depleted 
uranium core) for t ም py but retain a long smooth ogive 
(Spitzer point) with minimum lat | 

reduce the aft drég 
pointed, but this i: 
fore the flat tip 6 


wouid be 
zine, tbere- 
caliber. 


Other good reasons for paying attention to bullet design for 
increesed effectiveness et longer range, rather than meking the chamber 
hetter, are that, first with increased load, the recoil impulse is 
higher, loading your shoulder 411 the more, which algo will effect 
your accuracy, and that higher los ce the number of times 


you can safely reload your ፎደ= 
end the wear end tear on aut. 
considered. 


There sre three factores in the standard formula for computing 
the Ballistic Coefficient end these are we Eight, bullet diameter, and 
form fector. The bullet weight divided by the kullet diameter 
squared is a measure of BEC ional density, and the higher this is, 
the better your Ballistic Coefficient. The form factor is a value 
based on the shape of the projectile. The longer the ogive radi 
and the smaller the tip flet dismetez, the better, the form facto 
Rost-etailing the projet tile also improves form Lecter. 
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Now let's losk at some practical resulte of thie Buliistic 
Coefficient in action. For exemple, study tha curves Shown on 
Chart #1, which plot velocity and energy of two differt 
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out to 1000 yards, Each buliet is a stenderd 105 grain Cmm 
(cal..243) sample with è morale velocity of 2964 feet per second. 
“he difference is that ore is a round nose bullet with a Fallistic 
Coefficient ዕደ .256, while the other is a spitzer point bullet with 
a Ballistic Coefficient of .395. Of course, since bullet weights, 
dismeters and muszle velocities are ident Lada, there is no 
difference in trevel in the bore, since the energy from the 


£ 9 
expanding gases is identical in eech ease. After the projectiles 


leave the muzzie and are free in the air, then the difference in 

Ballistic Coefficient shows up markedly. Immediately tie respective 

velocity and energy curves begin to separate from their common 
starting point et tbe bore, so that eventually, the spitzer point 

has the game energy at 1000 yards that the round point buliet has 

at 650 yards. Thus, by picking the spitzer point, you gain 350 

yards in range effectiveness . Likewise, with velocity, for example 


at 600 - 700 yards’, the spitzer bullet — Es LS 40% greater then 
the round nose bullet, 


This is not à condemnation of round nosed. bvllets, however. 
They have their place. The principle advantage of round nose 
bullets is their stability in brush bucking, when compared to 
Spitzer point bullets. Therefore, if you are hunting in wooded 
or brushy terrain, where you target is likely to be at medium or 
shorter ranges, use round nose bullets. If your hunting range 18 
open country and the target is likely to pop up &t longer ranges, 
then the Spitzer point bullet is recommended. 


The criteria for effectiveness shown here is energy. Effects 
in tumbling and other wound ballistic phenomenon depend upon the portion 
of the game hit, whether boney, fluid, effectiveness against vital 
organs, etc., and are so variable that many arguments on this subject 
have burned the midnight cil, each hunter having a different opinicn 
which naturally is based on Wis experience and observations, The 
subject therefore need not be exhausted further in this discussion. 


Another interesting effect of an improved ballistic coefficient 
for a number of projectiles is that their performance is upgraded 
to the level of higher caliber cartridges at longer ranges. For 
example, note Chart #2, which compares a (.264) €.5mm 140 grain 
bullet having a muzzle velocity of 2500 fps and Ballistic Coeffic cient 
of .482 with a (.308) 7 መሥ mm 350 grain bullet having a muzzle velocity of 
2740 fps and Ba 14962 ቁዋ ፡‹ዳፎቶ ዕደ .287. "Both bullets are spitzer 
points. The big difference istic Coefficient is due to the smaller 
pamper of the 6.5mm coupled with its weight of 140 grains. This is 
25 set foim deasiz s one resson why lead cores are used. 
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Looking et the curves, you will see that the 6.5mm muzzle energy 

is 2000 oes © while the 7.62 muzzle energy E 2600 ft.-lb. However, 
cause of improved sectiorzi density, or Ballistic Coefficient of the 
6.5mm, the energies are equel at abeut 600 yards. That is, the 6.5mm 


caught up to the 7.62mm at that range, and equalied it on out to 
1100 yards, at least. In fast, at those longer ranges, the 6.5mm 
remaining velocity is higher then the 7.62mm, 


Mery of you may ጀፎር 289.2. the 7.62mm exemple as the U.S. standard 
ATO military cartrí ‘oie la true, and points out how the NATO 

Cartridge may be omen ov 2mcwes istis Cociiiedent. 
in fact, this can be done y tut t 
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imp her standard 
J.62mm projectile, the 172 grain boa 


ከ bullet 
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bcasting an impressive Ballistic Coefficient of .56. Of course, 

a slight adjustment in powder charge 25 made in order to msintain 
peak pressure at the same level. That is, increasing bullet weight 
(without changing powder charge) causes the peak pressure to rise in 
the chamber. “his ig because the expanding gases are pushing 
against a heavier bullet, causing € slightly slower acceleration, 

or teke-off, of the bullet; therefore, if you can imagine you are 
keeping the lid tighter on a boiling pot, the ges pressure will be 
higher, therefore either ይ slower burning powder is used, or & few 
grains of propeliant ere lopped off. 


Chart #3 shows the vast difference in remaining energies for 
the two 7.62mm projectiles. For exemple, the 1/2 grain N M bullet 
has the same energy at 1000 yards that the 150 grain NATO has at 
600 yards, and the NM energy at 1000 yards is double the NATO 
energy at 1000 yards. This ia particularly advantageous when 
shooting in open country. l 

As a curious sidelight, compare the Ballistic Cosfficient of the 
NATO (150 gr.) bullet with the old-time lead ball. The ball, being 
a sphere, will have a poor form factor, about 1.4 (the Nato 35.6), - 
and a corresponding Ballistic Coefficient of .152 times the ball 
diameter (which makes it easy to compute for all size leed balls). 
For 8 .30 cal. bail, the Ballistic Coefficient then is .0455 while 
the NATO is .387, even though the lead bail will be heaviez, welghing 
in at about 200 grains (NATO, 150 grains). 2 


The obvious result is that the lead bail, while potent at the 
muzzle, will lose energy very quickly. This le the main reason that 
shot pellets have such a short effective range of only 60-89 yards. 


In summary, then selection of a more efficiently streamlined 
bullet, (better surface finish, too, when casting bullets) wiil 
pay off more handsomely in striking energy then losding the case with 
a hotter powder charge. The benefits will also inciude a shorter 
time to target,& flatter trejectory, and, therefore, improved 
accuracy, 
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Recoil 


"Recoil'" is nothing more than an expression of Newton's third 
law, which states that "for every action there is an equal and 
opposite reaction". The determination of recoil values is fundamental 
in ordnance, as it represents 8 measure of the force produced for 
each round fired. | 


The value of "free recoil" is usually considered in calculations 
of recoil energy. That is, not considering additional masses or 
resistances such as the shoulder or forearm that, in reality, 
make recoil "effect" less violent than the "free recoil" calculated. 
The calculation of free xecoil is useful for purposes of comparison 
of one weapon, or charge, against another. 


In fact, and as bourne out by experience, recoil effect or 
"kick" is lessened by holding the butt firmly against the shoulder. 
This affects the eccelerarion of the skeletal frame. Thus the 
resulting recoil energy is more "enjoyable" if it is a "push" 
rather than a "blow". 


Some authorities place a limit on maximum recoil energy 
for a military rifle of ebout 15 foot-pounds. A person cen 
briefly handie double that amount, but the frequency is not expected 
to approach that which the infantryman will fire. As an extreme, 
a fifteen pound elephant rifle may commonly have a recoil energy 
in excess of 50 foot pounds. 


Tepieal “needs 1 energies of several standerd weapons are 
calculated as follows: . 


a. Recoil energy of Cal. .30 Ml rifle: 
Projectile Impulse = 2.3 1b.-sec. 
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- W2/2g - 9 x 68/65.4 5 9.5 ft. 1. 
b. Grenede Launcher M79: 


Projectile impulse = ,3/2 x 2409/38 . 2 
- 2,8 lb.-sec.: 


Recoil Velcoity = 2.8 «x 39,2/6.5 = IeM 
z là ft./sec, 


" 


87*/28 z 6.5 x 194/64.4 
19.6 Iu ae ||). 


Recoil Energy 
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Often the question is broached as to the amount of rifle 
motion prior to bullet exit. Taking the common 30 6 rifle 8 
example, firing e 189 grein match bullet, popular in competitiv 
target shooting in a 24 inch barrel, the solution is easily found. 
Simply consider the distance the bullet travels as being inversely 
proportional to the rifle recoil travel as the weights of bullet 
and rifle. 
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Consider 1/2 of the propellant charge as traveling with the 
bullet, since this is true up to the point of muzzle exit. 
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Various methods of measuring recoil are used, the preferred 
method being to hang the gun on parallel wires, and measuring the 
velocity of recoil of high speed cameras or other instruments. 


This eliminates the use of secondary calculation, which do 
not correct for certain losses. | 


in another method, a steel ball is attached ta the buttplate 
and the indentation made in a lead block is measured. (Ale rockwell 
hardness testing.) This method is good for comparative measurements 
only. 


To calculate recoil data, the basic law of course, is Fam a. 
Since a s v/t then F t 5 mv. The term "m v' is referred to as the 
"momentum", or the property of a given mass at a given velocity, 
while "F t" is the "impulse", or the effect of a given force 
acting for a given time. | 


se is equivalent to tbe everage force 


For recoil forces 1 
body to rest in one second. 


that would bring the ^ E 
There are three vectors contributing to recoil and they gre: 
(1) Reaction to projectile acceleration 
(2) Reaction to propellant motion 


> “ጋነ Muzzle blast, both gas exit and action on muzzle face. 
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The first factor is the most important, and while te impulse 
of the prejectile equals the weapon impulse, the energy is 4 function 
of velocity squared, therefore, the weapon energy is usually only 
about 1/200 of the projectile energy. | 


the effect of the muzzle blast is a function of maazie pressure. 
Therefore, shortening “he barrel does not reduce recoil, as one 
may think, since the muzzle velocity is lowered. Rather, recoil 
will be intensified because of the much higher muzzie pressure, 
usually quite noticesbie. This is equivalent to a rocket thrust. 
and is determined by the equation: 


Thrust z Muzzle pressure X Area X Mass rat 
(This factor is 4 function of propellant chemis 


mpensates for the unknown in muzzle 
e of assigning a velocity of 4.700 
crees with dynemometer tests fer 


An epproximation that c 
blast equations is the psactaic 
for gas exit velocity. This & 
military smail arms. 


Thus the formula for recoil velocity of the weapon is 
approximately Vw z (WpVp + 4700C) /Ww 
The energy then, E z w^ 
. 


The value of weapcn impulse in firing is best determined by 
test firings in ñellistic-pendulums or by using a Velocimeter to 
determine velocity of muzzie gases. It is this variable that 
limits the accuracy of conventional analysis. For example, the 
stated formule using e charge velocity cf 4700 fps at the exit, is 

pa 


restricted to email arms with a projectile velocity in the range 
of 2400 - 2800 £ps class. Further, the weapon impulse formula 


may be divided into two poze 
travel to the muzzle, and Second, impulse at muzzle exit. 


For the first phase, the weapon impulse equals the projectile 
impulse plus the powder impulse st one half the projectile muzzle 
velocity, since the powder expands at one hali the rate of the 
projectile velocity. 

This formulis, then, is: 


፲ 5 Ww Ww/g e Wpëp/g + 1/2 WeVp/s 


oz, VW s Vp (Wp + .5Wc) /Ww 


Extensive experimen j t 
ave mass of the powder charge as fo 


(1) For Shotguns and Revolvers with long barrels: 
Vw 9 = Vp (Wp + 1.25 Wc) 

(2) Krag Rifles and shotguns and revolvers with short barrels: 
Vw Ww s Vp (Wp + 1.5 We) 

(3) M1903 Rifle & M1 Rifle: 
Vw Ww = Vp (Wp + 1.75 We) 


(Ihis is comparable to assigning a charge velocity of 
4700 at full charge weight, rather than 1/2 charge) 


Pendulum data taken at Springfield Armory show an impuise of 
2.5] lb.-sec. for the Mi4 rifle. This resulted in a constant of 
1.05 (Ve 2860). (Impulse veried from 2 45 - 2.55) 


The mount, or gun support, must react to the recoil energy, 
and the value of this force depends on the elasticity of the mounting. 


The conditions of loading for resilient mounts depend upon 
the stiffness of the spring; for stiff springs the load is high, 
while recoil is short, while for softer springs, the load is lower, 
but a longer permissible recoil travel is required. The weapon 
rate of fire requirements determine spring rates. 


In the following schematic, note that the area under the spring 
load diagram approximately equals the recoil energy: 
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Ordinarily recoil systems will have secondary loading diagrams, 
which may be due to buffers, resilient pads, or the frame work itself. 


The diagrem would appear thusiy: 


MOUNT RATE 


Therefore, in isying out spring loads for essembled and minimum 
heights the area under the tr&pezoidal diagrams showld represent 
the ከ5867 of the recoiling mass. 
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A study of the Tec 
n rdeen, Maryland, and the following 


O 
weapons was conducted ét 
observations were 


a. The free recoll momentum and energy of rifiee firing AP 
ammunition were greater than those firing ball emmunition . 


b. The average escape velocity (at the. muzcle) of the powder 
gas was less for AP ammunition th it wes fo: ball ammunition. 
A greater part of the powder energy was apparent -ly transmitted to 
the AP projectile. 


c. Experimental muzzie vrakes produced & consicerabie decrease 
in the gas escape velocity, wail | i hider produced 
an increase. 


neum of the Ml rifle i 5 
f a Springfield rifie, most likely cue to the escape of ga 
g a 


thet 
et the breech on openin 


| a variety of shooters fired 
oeition, without use of a 51558. Mea 
i t vs. time were mede,. Regu 


om 10 out of 11 men 


> - z ak 
i ammunition). 


a, The everege maximum force and velosity 
was greater when firing AP ammunition (over bil 

b. The veristion of force and velocity from min to man was 
relatively large. 
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d, It appears that the way 8 rifle is held has a greater effect 
on recoil than the size or build of a rifleman. 


Quantitative values were found as follows: 


a, Free recoil measurements (five wire pendulum) of Ml 
Rifle (weigbt rifle z 9,72 lb.) | 


(1) Ball ammuniticn: 


58.63 ft. lb./sec. 


2 


(Projectile) Wp Vp 


(Charge) Wc Ve = 30.77 ft. Jb./sec. 
(Rifle) We Po a 89-240 ft, 155/59. 
Vc = 4270 fps 
M (te 9.2 fps 
Rifle KE a, Lees BL.db. 
Average Maximum force (11 shooters) = 6913 Tb. 
| ^ Standard deviation ' a See 505. 


(2) AP ammunition: 


Wp Vp s 64.71 ft. 1ኩ ., / 866. 
We Ve & 30.07 £6, 195/፳8፳6. 


We Vr £g 94.78 25, 10/386. 
Vc = 4170 fps 
Ve a 9015 Spe 


KEx “ 14.4 £t.-1b. 
Average maximum recoil force = 73.7 Ub. 
Standard deviation = 3.2 lb. 

(Note that WpVp + WcVc = WrVr) 


Dynamics of Automatic Rifles 


The tactical requirements of e full automatic weapon are quite 
different than those of a semieautomatic rifle, so e weapon design 
that seeks to satisfy both functions can oniy be compromise, at best. 
(M-14 vs BAR). The BAR, being & heavy automatic rifle, can be held 
on the target ares, whereas the lighter M14, with a dropstock, climbs 
badly in automatic fire. 


When a round is fired, an impulse develops both translational 
and rotational velocities in the gun. This is not a significant 
problem in semi-automatic fire, but in full-auto, riflemen have 
difficulty holding the weapon on the target. 


. The induced rotational velocity, multipled by the time lapse 
between shots represents the angular deviation between successive 
shots. This widens for each round because of the initial velocity 
input for successive rounds. Therefore, an effective automatic 
fire program should be limited to short bursts if any degree of 
accuracy is desited. 
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With "w" representing angular velocity increments per round, 
"rt the rate of fire, ''n'' the number of rounds in a given burst 
and "Q n" the accumulated deviation for the burst, the folicwing 
formula is applied: | 


Gne Mew n ሺ = 1) 
T 

Therefore, the deviation varies as the angular velocity 
increment and inversely ፳5 the rate of fire. Therefore, firing 
rate should be higher for this application. However, if the 
geometry and weight of the weapon is such that the shooter can 
be trained to "hold" the rifle on target between rounds, then 
a lower rate may be desired, as in the BAR. 


The "salvo" concept is conzerned with the "number of rounds 
that ere fired into a target area before a significant deviation 
Occurs. This is in line with the "shotgun" concept. Note that 


2 
the formule contains an n* factor; therefore, the deviation is 
accelerating with burst length. As an exampie, with e firing 


rate of 600 spm and a "w" per shot of 20 mils per ES che 
devistion as a function of burst length is es follows; 


shot No. Deviation (mils) 


O (assumed) 
2 


6 
12 


30 
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Therefore, a three round burst, as utilized in the SPIW | 
system, would offer shor f meximum effectiveness and prevent 
needless waste of ammunition. 


One critical WMeE 5 "p the "'quiskfire"” course, im wnich 
the shooter fires ngs random targets frem the hip. 
Here, rifle prof tle ts lis , WE mne in tests with the Mi6 
rifle. With the zhooter's eve approximately 18 inches above the 
weapon, the shooter's projected have ue runs from tbe top of 
the cerrying ከ5863= to the nuzzle. This creates en optical 
illusion that cause ኣሌ bore to be projected at a sharp upward 
angle, causing the shooter to hit high. 


DYNAMICS of AUTOMATIC RIFLES (Typical) 


Q = Center of Gravity 


RESULTANT WORKING FORMULA: | 


Ma + Ma b 


te = M | tL ee y 
e + NA, ES (My 7 ለ12.) + My Ma (+= a) p 


uJ = angular velocity (radians per second ) 
I Z moment of inertia (ft.-1b.-5ec. ^) 


M 2 Momentum (1b.-sec.)' 


da 


Fj ~ Propelling Force 


Fo ~ Shoulder Keaction (horizontal) 
F3 - Shouider Reaction (vertical) 
a = Bore t EO cB 


ከ œ Bore ¢ to shouldes 


w - enguiar velocity of weapon 


I =- moment of inertia about DX 


Mo - Mass of shooter (equivalent) 


M ሠ Momentum of bullet end charge 
Dynamics of Automatic Rifles 


The menents snd reactions about the c.g. are as follows: 


The value of M 
but it Bae Been. e 
is reason&bie. T 
supporting weigrt 


varies greatly T cannot be calculs T 
prved that a value of 1/4 the ጭ፦ ter's weight 
is an empirical value for the shooter ue 

he fetce appiied by the xpi mee to resist 


2 e 
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dus th 
recoil. In any event, sirce it is many times the rifle weight, 
variations have little practical effect. | 


LTA 


The horizontal acceleration of the gun būtt is: “(Pes p 2) 


CQ) ME e Zi Pad 
M2 M1 E (b-a) a 


so that 


My) + M 


p—— — TA GAIA 


The vertical acceleration moment i5; 


e» Ea a CSH = 0 
1:1 - 
so that 
Substituting equations (3) and (5) into (1) 


Mo F. - Mi Ma (bea) E h 
- D uw 86 
i | M M5 


il 


` Ma a M, b 
v t n a ee as a ሰ ፻, |0 
(1 + Ma C ) CL + M) + My Mp (b-a) n 
Since angular velocity is a function of acceleration as M is 
ይ function of Fj, ; 
(€ dt - w and f F, dt = M) 
therefore w= M Lo] 
(w in radians/sec) 
By inspecting this formula, you see that if a and b are near 
zero, (an in-line condition), w vanishes. Also note that due to 


the M2/M1 ratio the "w" is more sensitive to the "drop" of the 
stock than to the positive of the c.g. 
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However, rifles with drop stock configurations ave designed for 
in 
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facility in sighting, maintaining a low profile. compromise between 
profile and automatic burst conte ol is therefore necessary. 

Most weapons are symmetricsl with respect to the vertices: plane, 
otherwise they would rotate respectively e.g. 1148 semi-automatic 
grenade launcher. This weapon had a horizontal megezine, waich 
caused the Es of impact of rounds to shift laterally as the 
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launcher fired sucecsé: ve rounds. 


Applying the above formule to & typical rifle, in which 


Hal T adh, "b e Püches, "c" 2 20,5 28.5. "M drca PIU PT 
99/88 = 1000 Tha Eb 4 - 30 pus 
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c.^, ካክ 7 - #50 ጩጅ!) H" 
9700 fps. Firing et à full : automatic rate of 750 spr, whet 
898612 deviation can be expected between Spun 3 and 2 by gunners 
ranging in weight from 140 to £39. 15.7 
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For the 140 lb. men, w 2 .534 rad/sec., Or 534 mils/sec. 


For the 240 lb. man, wis .572 pad) sec, , ec mM mils/ sec. 


! Applying the cyclic rate ol 750 rpm; results in the following. 
deviations: 


For the 140 ib. man: 42.7 mils, 
For the 240 1b. man: 45,7 mils. 


Thus it is obvious that in e SQ ECS Ne fire, accuracy cannot 
be expected; which iz 11 varistion due to 
body weight; also, that the heavier body causes greater dispersion. 
To understand pte amie. 

approached zero wei ¡id offer mo. res sistance to récoil, and 
the only deviati 4 the force about the moment ar 
Cu. wit Ee othe treme, a rigid bady, or biock would cause a 
greater turning moment, due to the fact thet the buttstock would 
not be free to drift rearward, (as it does against € shoulder) 


& 
| 
u3 ሀ 
E) 
D pw 


therefore, in summary, the point of contect of the buttstock 
with the shoulder should be in-line with, oz siightly above, the 
bore axis, The cyclic rate should be high. Siaxt bursts are 
recommended. | 


A rubber buttepad is useful in reducing recoil ioad effects 
for two reasons; | 


(i) The rubber pad distributes the bearing load over a 
wider area of the shoulder, | 


(2) The shooter Mec nu presses the buttplate barder 
against his shoulder, which is a favorable attitude for this 


OUTLINE STUDY OF SMALL-ARMS AUTOMATIC WEAPONS 


I Introduction 
Scope and Purpose of Outline 
This outline is a summary of all of the factors that must be 
considered in designing a new weapon. There may be additional factors 
depending upon the specific requirements of each new weapon system, 
but this outline represents a minimum list of factors. It may be 
utilized as a checklist of weapon design parameters and is provided 
as a guide to insure thet no important weapon element is overlocked 
when a new concept feasibility study is conducted. 
II Basic Weapon 09/6887 tenes Cycles (Blowback, Recoil, and Gas) 
A, Simple Blowback | 
1. Definition of simple blowback cycle 
a. Cycle of operation 
(1) Kinematic and dynamic analysis ge cycle 
(2) Construction of calculated T-D curve. 
b. — characteristics required for simple blowback cycle 
(1) Case and chamber design 
(a) Headspece 
(b) Breeching space 
(2) Case Material 
(3) Lubrication 
2. Strength requirements of breech mechanism 
3. Advantages and disadvantages of simple blowback systems 
B. Modification of Simple Biowback Cycle - Delayed Blowback 
1. Definition of delayed blowback 
a. Cycle of operation 
(1) Kinematic and dynamic analysis of cycle 


(2) Construction of calculated T-D curve 
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II 1. ከ,” Ammunition characteristics required fox delayed blowback cycle 
J á 


t chamber 
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(2) Case and chamber design 


2. Strength requirements of breech mechanism 
3. Advantages and ti | 
C. Modification of Simple 3lowback Cycle - Retarded Liowback 
| ]. Definition of retarded blowback | 
a. T of cperation 
(1) Kinematic and dynamic analysis of cycle 
(2) Construction of calculztec T-D curve 
b. Ammunition characteristics "ፎች. for retarded blowback cycle 
(1) P-T curve at chamber | 


(2) Case and chamber design 


(ፊን Lubrication - 
D. Modification of Simple 5369586585 Cycle - Advanced Igniricn 
1. Definition cf blowbsck with Advanced Ignition 
‘a. Cycle cf operation 
(1) Construction of celceulated T-D curve 
(2) Kinematic and dynamic analysis of oye le 
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E. 


-b. Ammunition characteristics required for advanced 
ignition blowback cycle 


(1) P-T curve at chamber 
(2) Case and chamber design 
(a) Headspace 
(5) Breeching space 
(3) Case Material 
(4) Lubrication 
Gas Operation 
dhe Definition of Gas Operation Cycle 
a. Cycle: of operation | 
(1) hienat it and dynamic analysis of cycle’ 
(2) Conseruetion of calculated T-D curve 
(3) Gas systems 
(a) Open - impingement 
(b) Closed - cut off and expansion 


(c) Pressure - time curves of chamber and bore at 
gas port. 


5. Ammunition — err required for gas operation ዩሄር 18 
(1) . Case and chamber design | 
(8) Headspace 
(b) Breeching space 
(c) Pressure data 
(2) Case material 
(3) Lubrication 
2. Strength requirements of breech mechanism 
Sk Advantages and disadvantages 
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11 F. Recoil Gperation 
1, Definition cf recoil operetion 
a. Cycle of operation 
(1) Kinematic and dynamic analysis qt ፅሃርጊዌ 


Construction of calculated T-D curves 


ፍልጋ r 


Recoil systems 


———— ~ 


(a) Short recoil system 
(1) ''ይጅርክህዉ3ሰ5'' eyele 
(2) German cycle 
(3) Linked action cycle 

(b) Long recoil systems 

(4) Accelerators 
(a) Definition 
(b) Verzisbie lever 


(c) Integral cam 


b. Ammunition charecteristics required for recoil 
Short recoil Long recoil 


(2) Case and chamber design 
(a) Headspace 
(b) Breeching space 
(3) Case material 
2. Strength requirements of breech mechanism 


3. Advantages and disadvantages 


Gè Externaily Powered Systems 


operation 


II G. 1. Revolver and multichamber systems 
a. Cycle of eperstion 
b. Kinemstic and dynamic analysis of cycles 


ር. Ammunition characteristics required for revolver and 
multichamber systems. 


(1) Cese and chamber design 
(2) Dynamic seals 
Z4 Multi-barrel systems 
a. Cycle of operation 
| b. Kinematic and dynamic analysis of cycles 
e. Operational cam — 
Se. Delve — 
a. Hydraulic 
b. Electric 
c. Mechanical 
111 Weapon oed ents 
À. Breech Locking Systems 
l. .Integral locks 
a. Rotary locks 
b. Tiicing locks 
Co Sliding locks 
2. Separate locks 
5. Rotary 
b. Tilting 
c. Slidina 


3. Strength requirements of locking systems 
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IILI B. 


Feed Systems 


l: 


(1) Single column 
(2) Double column 
b. etary types 
(1) Fixed 
(2) Removable 
C. Magazine springs 
d. Kinematic analysis of feeding operation 
Strip and clip feed systems 


Kinematic analysis of ee from strips and clips 
Belt Feed System 

à, Pull owt oc "D" type 

b. viis eiii 


ር. Fundamentals of link design 


d. Kinematic enalysis of belt feeding systems 


Extraction end Ejection Systems 


de 


Kinematic end dynamic analysis of extractor and ejection 


Functional requirements of extractors and ejectors 


a. Automatic fire systems 


-b, Semi-automatic fire systems 


c, Yrigeer pull requirements 


Mn 
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E. 


F. 


2. Ignition systems 
a. Percussion firing systems 
(1) Single striker 
(2) Multiple strikers 
(3) Firing pin design 
(a) Tip configuration 
(b) Tip support at time of ሜሽ 
(c) Types 
Fixed - Movable - Inertia 
b. Electri firing Systems 
(3) Electrical energy 
(2) Typical circuitry 
Insulation problems 
(3) Firing pin design 
Tip configuration 
Barrel Design for Small Arms Automatic Weapons 
l. Chamber design 
Headspacing 
(1) Rimmed end belted E 
(2) Rimless cartridge 
(a) Shouldered 
(b) Straight 
2. Rifling 
Types and twists 
3. Thermal problems of barreis at high firing rates 


Muzzle Attachments 
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]. Muzzle brakes 
Design 


2. Muzzle bcosters 


b. Special considerations 
3. Fiash hiders and flash suppressors 
Chergers 
1, Manually operated 
2. Externally powered 
a. Air 
Bb. Hydretidéc 
«ሸርሁ: ተ ተገ 


d. Cartridge actuated 


Mounts - Mounting conditions with respect to weapon functioning 


1, Vibretionz1 charecteristics ግ ውን ን ሌሁ. weapons 
2. Mounting conditions 

a, Shoulder fired or hand held 

b. Biped and tripod mounts 

C. Vehicular mounts ; 


(3) Armor vehicles 


LA 
IM 


IV Areas of Special Consideration for Small Arms Automatic Weapons 
A. Open and Closed Bolt Cye les 
B. Weapon Safety Requirements 
C. Economics of Fabrication 
l. Sheet metal construction 
2. Die castings; sintered metals 
3. Special machining techniques 
a. Milling 
b. Broaching 
ae Turning 
D. Service Life Requirements 


V  Tacticál end Logistical Requirements Affecting Small Arms Automatic 
Weapon Design : i l 


A. Human Engineering Factors 
1. Handling characteristics 
2. Operating characteristics 
B. Environmental Conditions 
1% Temperature extremes 
2. Mud and dust problems 


3. Lubrication problems 
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IV — TYPES OF WEAPON SYSTEMS OP OPERATION 
(AUTOMATIC WEAPONS) 


Classes of weapon systems may be outlined, in general, as follows: 


L Blowback 
A. Pure bhewkdek (Cal. .45 M3) (Cal. .22 LB) 
B. Delayed blowbsck (Cal. .45 Reising SMG 


C. Retarded blowback (Cal, .45 Thompson SMG) 
(earlier versions) 


D. Advanced primer ignition (Oerlikon) 
li “Resodl 
A. Long recoil (misc. shotguns) 
B. Short Reccil 
l. Toggle (maxim) 
2. ዥም (Browning) 
3. Tilting barrel (cal. 245 M1911) 
4. Cammed cross-bolt (M73) 
3. Einged. bolt (M85) 
6. Linkage (proportioned) (R. Robinson) 
C. Mbt. es uod 
III Ces Operation 


A. Pieten (reavwerd) 


exi 


l. impingement (Mi 


2. Cut-off & expansion (M14) 


D. lever (Colt Browning) 
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111 E. Primer actuated (AA1) 
F. Piston (forward) (misc. European) 
IV yino self-powered 
A. Floating chamber (win. shotgun) 
b. 55 (impulse) (garand exp.) 
C. Alternating barrel (Bughes) ' 
V External power 
A. Electric drive (Vulcan, M75) 
B. Hydraulic or pained (Vigilante) 


C. Gear drive off vehicle (ZR-80) 


Factors thet determine what type of operating system a new 
weapon wiil assume are outlined following this paragraph. Note. 
that the military requirements are the first item, and the 
most important. 

. Ammunition characteristics are prysically responsible for 
limiting certain types of operation, due to the nature of 
pressure development and available power. 


SELECTION Cr SYSTEM OF: OPERATION 


1, Military requirements 

2. Weapon environment 
a. Mount flexibility or rigidity 
b. Noxious gases and/or muzzie blest 
6. Permissible 55:66:81 490 load: 

d. Space requirements for 
(1) Installation, 
(2) Meintensnce, end 


(3) Ammunition feed, spent case and link disposal 
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3. Ammunition 

a. Cartridge case design 

b. Internal ballistics 

c. Ignition system (percussion/electric) 
4, Effectiveness - 

a; Rate of fire 

b. Belt pull capacity 

C. Weight, size, and shape 

d. Reliability, 


e. Maintainability 


$ 
/ 


2. Cost 


Blowback Operation 


The most important factor in the blowebabk Operated weapon 
is the behavior of the cartridge case, since it is in motion at 
the instant of firing. Blowback is usually reserved for low power 
cartridges, ard for military weapons, is most usually found in 
sub-machine guns firing the cal. .45 and 9mm pistol cartridges. 


Cartridges for blowback weapons are essentially cylindrical; 
with no neck or shoulder, and very little body teper, i$ adv. 
Ihe base is sufficiently thick to support the chamber pressure 
for the time and travel that the cartridge case moves during 
blowback. It is this initial movement that limits the blowback 
principle to low-powered weapons with a cartridge design that can 
move rezrward in the chamber without danger of case stretch. 


Calculations for this system are quite straight-forward. 
Ihe force acting rearward on the bolt equals the chamber pressure 
multiplied by the cross-sectional area of the mouth of the case, 
The bolt impulse is equal to the projectile end gas impulses. 


ridge case is designed to resist seizure by the 
chamber wall at the onset of blowback motion. At this point 
lubrication will make a difference in funetion, reflecting higher 
rates of fire. However, the U.S. systems use uniubricated 
cases, while some European systems do lubricate their ammunition. 
The force expended in overcoming friction between the cartridge 
case and the chamber may reduce the energy transferred to the 
belt sufficiently to cause a short recoil, or failure to feed, 
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As an exercise in determing recoil velocities, the following 
formula is usually given: 


M V, t M, V. ተ Me 4700, where MY is impuls 


ES. 


ሀነ 


This impulse is giver in ib. 


The peak velocity to which the bolt will be ecce? lerated zt 
the instant of bullet exit is easily found. However, 5 ai brace 
factor of approximately .75 should be applied to o. ate for ine 
effects. This le, the "aoa energy going into battery — be 
absorbed by the blowback enérgy before bolt recoil begins. 


The impulse may also be determined by measuring the area 
under the pressure time curve, and multiplying by the bore area, 


After determining bolt impulse, either the bolt weight or 
velocity are caiculated next, depending on what system “equire- 
ments are known, such as; rete of fire, geometric limitations of 
the bolt, (hence weight), and allowable recoil travel, 


ኒ . 


The calculation of impulse is useful in do renin mg free 
recoil velocities of, say, a rifie or other complete weapon at tim 
Of firing since the 5 ! mass del. be in ይ status of recoil, 
just as the bolt mass of the blowback System, 


Por example, since Jem! end F = ma, then F - I/t > 2.3/.002 
1150 lb. for an average force of a 7.62mm NATO firing weapon, 
rigidly mounted. Q£ course,weapcn recoiling travel and time 
reduces this to lozds that ere èssa ‘ily managed. For example, an 
average መዱ 5 of 18 msec, — this load to 1/9, or a little 
over 100. Thus acceleration is very important in the amount of 


* 
"punishment" or "watt ides ዴሪ kd feit by. the shooter, 


Advanced Primes Ignition 
O t A 


In this system, the bolt is moving forwsed at a significant 
velocity at the start of ignition. Therefore, considerzble resr- 
ward impulse is ebserted in decelerating the bolt to e stop prior 
to recoll. This principle is employed in the Qerlikon íauily of 
weapons, the XM140 ያ ring cycle, end in heavier gun tu! 

3 


' & DES. 
The maximum ef fficilegoy of this svetem occurs when the closing 
velocity ናኖ the opening velos: hat t coil 
is then one half of a comparable plain biowback syster 
energy is a function of V^, then reducing the! velocity 
reduces the energy to 1/43 thus reducing trunnion’ loads by 75%. 


«5 


Ihe wespen will be lighter, firing rate can be incressed, 
although Em features must be incorporated into the d. 
case desig 3 for this type of mescon cycle of operatio 


Delayed Blowback system 


These systems, of which there are many variations, emplo 
a lock to the breechbiock for only a portion of the peak pre 
time. After unlocking, the remaining breech pressure acts cn 
the bolt in "blowback" fashion, Again, special Ammunition design 
features ere required, such as a heavy case head, headspace 
control during epening to prevent case 5813 ነ. NN fluting chambers, 
ete. | 

"a velocity is a resist af several vectors. That is, the 
nitial energy absorbed by the unlocking linkage and bolt carrier, 
p “any In addition, effect of residual bore pressure &cts to 
lement the bolt recoil. This system results in higher rates of 
cA particularly £f the.belt weight 15 Legit 


Retarded blowback Systems 


In this system, the bolt is not positively locked, but must 
act against a mechsnical disadvantage in opening. The mechanism 
employed utilizes essentially lightweight components, with a high 
inertia to be overcome. This is analogcus to & wheel and crank 
slightly off a dead-center position. 


A toggle joint mechanism embodies this principle. It is 
mportant that the ST oe mechanism should act against a 

PUE. constantly decv^asina mechanical disadvantage 
throughout the bolt stroke. In fact,the retarding element 
shouid act so that its delaying rerce reflects the shape of 
the pressure time cuxve; high at the start andiow through most 
of its decion. The proper location of toggle Pivet joints 
effectively act to produce this motion. ‘The resultant 
mechanism is relatively smooth in acticn, but must be limited 
to relatively low to medium powered classes of ammunition. 

Since the mass effect of rotating linkages vary, the bolt 
motion cannot be determined in simple terms of impulse and 
mamedtumn . 


Set-Bzck (Impulse) 


s is a combination blowback and recoil operation, in which 
S ee to 8868) back against a locking abutment for a 
im the deder of .000-.090 idehks, A Weavrer bolt 
to recoil reatvard through a dwell travel before 
t and reciprocates it. This system is limited 
dge case design censiderations 
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Recoil Operation. 


There are many warfations of this principle of operation, 
in which the bolt, eel, end lock recoil Ha aitor until 
breech can be ere ad edits. The energy generated during this 
motion is then distributed throughout the cycle of operations 
the manner in which this distribution is made is ይ measure of 
the efficiency of the wee&epcn. 


The Long Recoil system will not be discussed et length 
because it is of limited military interest for small arms, due 
to practical rate of fire restrictions. 


The Short Recoil mode is popular because of its universal 
effectiveness. In this system, the reciprocating bolt receives 
energy from three vectors: First, the momentum from its basic 
recoil motion; Second, an mec der from the barrel, due to 
an accelerator mec kani ai that in turn helps ES the báfréi 
stroke, and Third, sn added impulse from the blowback action 
of መ P pressure et the time of bolt unlocking, In addition, 
some weapons use à muzzle booster, in which the muzzie gases are, 
trapped within an exterior fixed የቁ and impinge upon the 
barrel as though the barrel muzzle end were a piston, accelerating 
it further. 


Some weapons, notebly the Browning Machine Gun Series, ‘fire 
as the bolt, ‘barrel, end icek are ending their counter-recoil 
(forward) motion. The initial recoil thrust is checked, and 
the need for counter-recoil buffers to absorb and dissipate 
the forward kinetic energy ርደ the counter-recoiling parts is 
eliminated. This principle is quite similar to that employed in 
the advanced priwer ignition type of Bliowbeck operation discussed 

eariidt. | 


In the analysis of a short recoil system, e review of systen 
forces i8 lm order. | 


Consider the following schematic: 


di&sgrem represents forces in 
weepon as a function of builei 
travel, 


WEAPCN BEFCRE FIRING 


2 armo e Teu Woe PRO. SCTIYÍ LE AT MIZZ LE 
din mam. o mupc 75. o TEREST, UC ooo MAD abd ro OER qo Ug RIERA rn to ው “ው 


ር1 


For the ¿initial few milliseoends; while the messes are accelerated 
ro their operating velecities, the following rejstiosS5dps ane 
true; 
Since F = ma 
amceleration of the projectile is 
| 


| 
QP: F/Wp g (Wp = projectile wet. + 1/2 charge wet) 


while the acceleration of the weapon in the opposite direction is: 


ai F/Wwg 


The accelerations of the projectile and the weapon are inversely 
proportional to their weights: 


Qap/av z Ww/Wp 


dle same is true of the velocities and travels of projectile and. 
weapon: 
Vp/Vw = Sp/Sw z Ww/Wp 


to 


Now the impulse of the projectile is at all times equal to the 
impulse of the weapon. 


TE ጩ/ 
Ip = Wp/g Vp 


Iw s Ww/g Vw 


therefore; Ip . Wp x Vp Since Vp. Hw. 
Iw Ww x Vw Vw Wp 
then ip: We x Ww. 


iw Ww wo” 1: 


The kinetic energy of the projectile at the muzzle corresponds 
to the area A'8'CD of the schematic diagram since the ordinate 
represents force and the abscissa is travel, and the product 
of force and travel represents enérgy. 


The energy of recoil of the weapon Ew is indicated by the 
small area ABCS'A', Note that the same force acts on the weapon 
as on tbe projectile but the travel (thus velocity) of the weapon 
is much smaller. 


The energies of the projectile and weapon ere in the same 


ratio as their trévels, which is also the inverse ratio , their 
weights.. በፍ” 


herefore: E 


“ህ EP = Sp. MW 
“ር Sw - Wp 


CU 


In summation, on firing, the muzzle momentum of the projectile 
is equal to the recoil mementum (or impulse) of the weapon, but 
the kinetic energies of weapon and projectile are not equal, 


The sum of energy of weapon and projectile, is equal to 
the whole energy available. The projectile energy is expended 
during flight along the trajectory and at the terget, while the 
weapon energy gces to work performing the automatic cycle of 
operations of the weapon. 


For a short-recoil type of iet a general study of energy 
requirements is as fol Lews : CE 


MBBL s Mass of barrel and associated components in motion 


Mass of bolt assembly 


MBO = 
ከይ 
I = impulse of projectile at muzzle 
Since I s MY 586 E s 1/20? then V2 = 32/M% and E = 1?/2M 
E (BBL + BO) z 17/2 (MBBL + 150) 


Using a mass ratio of r s MBO/MBBL 
E (BAL + BO) 5 1^/2 M33L (1 +r) 


The energy of the Bolt above is; 


Toba ብ ^ 
580 = I^/2MBBL ' e/(1 +r)? 
6, 10 energy ef the Barrel sbove le: 2 E 


t 7 ፡ i 


(SE BBLo 1^/2MSBL * 1/(1 4 1)? 


After the pressure in pin berrel has decreased to a safe 
válue (dependent upon cartridge case design) then separation of .. 
iri = Berrel con etart. | 


፥ I 4 
4 Mr sins 4 ኔ 5 ' * 
SN 590: thse bi rrel asgesblwy maes le quite hesvier then the bolt, 


the bolt requires additidcnal energy to perform ite assigned tasks. 


Here an accelerator is used which transfers much of the remaining 

barre] energy to the bolt. The percentage gf barrel energy transs 
ferred to the Bolt, in this case, "n" bs assumed ርቆ be abaut 707. 

This acceleration alsa serves to 450፻ f the barrel. (absorb excess 

barrel energy) 


The maximum energy which the bolt can have is then 


Max E BO = I^/2M EAR + 14m 
i CL uw 5). 


This energy must enabie the bolt: 


l. To perform work such as feeding, cocking etc. 5 Ew (recoLd) 


2. Overcome friction losses s E f (recoil) 
3. Store energy in the drive spring for counter-recoil ż Es 


Also, the bolt will have a certain amount of energy which is 
partially ebsorbed by the buffer - E B 


Thus 
Mex Exo a E ነሣ + ጀጅ ያ ተ Es + ጀ B 


For the counter-recoil stroke a similar equation is developed, 
so that the bolt energy &t the end of C' recoíl is; 


o (C'R) =z Es +A 53 - BE (C'R) - De (CR) 
Ew (C'R) is the work done in C' recoil such as Stripping the 
cartridge from the link, chambering, etc. | 


A Ep ie the energy given back by the buffer, (coefficient 
of restitution) and may vary widely dependent upon the intention 
of the designer, and in this instance is assumed to be 50 to 60%. 


However, Ez may be neglected so that the minimum energy 
requirement can “ክሪ derived, That is, the bolt should still 
function without assistance of ብ ማፍ from the buffer 


Max E po (CFF Accelerator) - E ae (C'R) 
Where E is all the energy used to perform the cycle af 
operations. Keeping this simple formu: ፳ in mind, a relationship 


between starting bolt energy and remaining bolt ና at the 
end of the cycle will be developed. 
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Recoil time is determined by the initial velccity, which is 
a function of the square root of the initial energy, and the time 
for counter-recoil a function of the remaining counter-recoil 
velocity, likewise a function of the square root of the end 
energy on counter-recoil. 

The time ratio for recoil end counter-recoil TR/TC'R = P 
where E ie ¿bout 75 to 60%. | 

Therefore, since 

TR/XC'R > PE CE 

{max 52” 
„8 

Then E C'R z p^ (max E pg) 

Now since Max E = ይቱ በሺ. 9. 

| BO 
(That is, ali energy used on recoil and c'recoil plus energy remaining 
at end of c'recoil.) | ] 


Putting the above two equations together, 
Mk 5. (4 = B^) 
BG 


E/ (1 - B2) 


E 
QS 
ሀና 
-« 
te 
e 
0 


Using B'z .90, then 


Max ጅ 236 = Efi ~ .64)= 2.88 
ASI m “ብ a መርም” 
this mezns that the initial energy of T bolt, 


mainly by the barrel weight, must be about 
ater than the energy which is used for the weapon 


In summar 
which is power 
three times gre 
function. 


6 ጠ ጻ 
D. e 


The details cf a mathematical analysis of a shert recoil type 
of weapon design depends upon the mechanism design selected or 
invented fc erforming the sequence of operational functions. 

not feasible to set up an analytical method which 


Ye 
therefore P S 
will apply universally to all short recoil weapons. 


i 

P 

ያ 

Ji. 

ni 

Of course, the cartridge.must be defined as to velocity, 
2 ast 


pressure-time dara, and case anb 


Vallier's formula for approximating the duration cf the residual 
premsure Ys 


Tags = Me P > Masale pressure 
AP (94500 = Vp) Vp= Proj. vei, 
Mcz Charge Mess. 
A - Bore area 


The residual pressure time span is required in order to determine 
forces that act on the boit st the moment of uniocking. 
| ; 

The action on the accelerator should net be too abrupt, as 
this will create shock loads, abrasion and wear of parts. At 
least 4 msec. should be given 65 an action time for accelerator 
function. Too long a time will not adequately accelerate the 
bolt and the firing rate will be reduced. The formula for 
Kinetic Energy is Were to determine velocity መጡ in the 
bolt, 


The change in velocity will enable forces on the accelerator 
to be computed by using the formula F s ma | 

It must be remembered that the bolt velocity must be, medified 
to compensate fox inertia effects, drag, etc. This may vary from 
70 to 857 of the indiceted velocity. 


In counter-recoil motion, two separate approaches to the control 
cf the barrel motion may be. 8 depending upon the locking system 
selected. In one, the barrel faa a eae locked back until the bolt 
approches it while chambering a new cartridge. Then, as the 
bolt is locked, it moves forwerd with the barrel, The Browning 
machine gun femily is of this type. 


s not latch tbe barrel, but allows it 
ely. Here, the barrel must be damped 
the bolt is ready to lock and fire. 


The other &pprce ech 
to return forward immedla 
out in ፲15 motions before 


The K.E. of components coming into battery is usually so great 
55 to require that the wezpon fire, while the components are 
still biased with forward momentum. Otherwise a substantial 
buffer mechanism will be required. Precision in the timing of 
the firing mechanism strike will he required. 


£ Op Operation 


SS a ee -. 8 


ptive of weapons in which a transver 
55 port, is used to draw off gas, in arde 
ing and ም” functional components. 


in considering the utilization of gases vs. the effect upon 
muzzie velocity, there is cniy an insignificant loss of projectile 
velocity, averaging about .5%. The ges operated gun usually has 
por 


t 
an ample supply of &vailabie energy for actusti ng the wea 
mechanism, 


This is useful, particularly in the early development 
phase of 4 new weapon, if there is a lack of operating power, 
the gas port is merely opened vp several thousandths of an ineh . 
However, the mest abused inns of determining gas port size required, 
in the AT T test wezpon is to begin with an unusually small 
hele, approximately li in dia. and progressively open the 


ኑ- ~ 


hole, whiie measuring weapon function by e time-displacement 
curve of the operating rod or carrier., The nni variables, 
from one weapon to anether, of propellant char acteristias 
(burning rete), mass ratios, moments of Leth. Deietien, 
geometry of control surfaces in sliding, render” initiel 
calculations vulnerable to errors in assumed value es, so that, 


in the long run, the trail and error process is resorted to, 
within limitations, | 

195 a gas operas ted wesdan, the gas port should be located 
at. least further then the Def dt of 411 burnt" of most of the 
propellant. If the ges pert is too close to the ae 
particules of unburned propellant will enter the ges cylinder 
and either burn, causing ervatic power development, or eather 
in such a menner as to cause a secondary explosion during 
some subsequent firing. 


Datenhina 


Se 
pm > méan gZ3 pressure, where the area under pm s the area under 
the curve. Relacing the pressure curve to energy of projectile: 
ENERGY = pm x ል x Se i. Wp + .ጋ Wc di v2 
^j 
ራሯ 


The ratio of pm tè p mex is called the pressure ratio "y" 


N s Pm/P max 
This is a typical empirical velue of a variety of weapons 
and propellant types. A velue of .4 is typical for an efficiently 
used small arms propellant, The emelier "N" ie, the more 
efficiensy realized, 


Ihe length of barrel nay be expressed 


ቆሙ o em M 
25 ይ fi 


inction of the 


pressure ratio with the formuls given az follows: 
b zc 
Se s Wp + (2 ህር x ኛ* 
28 N Fmax A 
Demoüstrating the 7.62mm example: 
/ 2 
85 2 150/7000 .. 23/7000 x 2650 
CR Sees ዑ-፡ኩፍው ው ፎጩ AA OS PE ሁበ ው መክ ጨፌ "u- ሓውያ; ማ 
64.4 x .4 x 48,000 x 1442 x 74 -2882 JILE 
Se es 1,88 ft. A ^2. 6" 
Characteristics of 28urc Velocity and Time curves during 
፡ T m cx Pressure, Veloci _ o MM 
Projectile Travel, 
መመ ር ivavel 
A series of empirical curves have been developed from 
observations of the pressure curve form as ada apted to the pressure 
ratio and projectile travel, These ere all listed in the Cerlikon 
Pocket Book, available in most ordnance engineering libraries, 
| For a sample pressure ratio of .4, the following values at 
the moment of maximum £22 pressure ere: ' 
Short travel: 81 = Se X .074 
Time: tj g 55/7 ቹ .358 
Velocity: We 2 LO ጋን 
At tbe muzzle: 
G2S pressure: pe = pm X .400 
መ ይ max. x . 16 
Time: te = 2 a/y X .948 
For plotting v&lues sf shot crevel B, corresponding to the rati 
Az #8. we can obtein the gas pressure, velo ccity, and time of 
which typical values are: 
Va; t45 Sy = values et potnt of p max 
ሀ = ህቱ 835: X B 
TVE X H 
LO E ie e 
i 
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10. 1.0 1.0 1.0 
2.0 .769 1.46 1,218 
5.0 397 2,046 1.672 
10.0 B 214 2.453 2,267 
15.0 | „144 2.665 2,794 
20,0 .108 2.812 3.286 


With these values, as functions of A (travel) we can caluclate the 
variation of gas pressure, velocity, and time with shot travel in 
the bore. There are variations due to changes in projectile and/or 
propellant weight, temperature, losding density, ignition variables, 
shot start, rifling dimensions, end other factors. Gas pressure 

is measured either by piezo-electric gauges or by copper crusher 
gauges. The copper crusher method is quite old, and is bese 

merely on the permanent deformation of a copper cylinder due 

to a load proportional to the gas pressure. ` 


Major caliber guns use "loose" pressure gages that are merely 
put into the combusticn chamber, while small arms systems have 
"fixed" pressure gases that are mounted on ይ test barrel. The 
crusher gage is suitable for checking manufacturing of ammunition 
lots for comparative measurements. It is limited in that only 
relative regults are obtained, because the evolutisn of gas 
pressure is a dynamic procesa, while the gauge can pe calibrated 
only statically. 


The piezo-electric method for measuring pressures is based 
on the property of certain crystals of developing electric charges 
on certain surfaces if they are mechanically stressed. Quartz is © 
the one type most suitable for ballistic pressure measurements, 
because of its great compressive strength, independence of temper- 
ature, and high natural frequency. The full curve of gas pressure 
in the combustion chamber can be reflected by piezo-electric 
equipment... 


7 


C; 
location (in a test barrel) in order to determine ኛል 
if any, between lots of emnunitlon. However, the pr 
data after the gases throttie turbulently through the ges port 
and expand in the gas cylinder are only of academic interest. They 
should be of utmost important to the designer, but usually only 
the pressure at the gas port is measured, 
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In selecting a gas port location, power requirements are of 
primary concern. ‘Gas temperature should not be too high, as this 
will cause gas port erosion and resultant erratic power development, 
and it should nct be too low, with a port location far down the 
barrel, or the gas cylinder will foul too quickly, particularly 
in a cut-off and expansion gas system. Location of the gas port 
also effects the time delay between ignition and start of operating 
rod travel, in turn, affecting dwell travel before the bolt begins 
to unlock. 


The following variables affect operating characteristics 
of a gas operated weapon: | 


l. Location of gas port 


2. Piston diameter 
3. Initial volume of the gas cylinder 


4. Weight of primary components (opérzting rod assembly) 
: | 
| 5. Weight of secondazy components (bolt essembly) . 


6. Dwell travel between primary and secondary components, 


7. Ammunition ch 


i&racteristicgs, including cartridge case 
design es well ae 


interior ballistic data. 


8, Finally, the gas port dia., which P function as a 
control element, but only within limitations. 


Of the piston operated types of gas systems there are two 
basic types, the "impingement" system and the "cut off and expansion", 
or Waite, system. In the former, gas acts direc ly wn the piston end 
of the operating rod after passing through the gas port, while in 
the latter, the gas cylinder incorporates a large volume that. the 
ges must fill before the hollow piston begins its motion. After 
the pizton has moved a short eae, the ges port in the barrel 
is blocked by the piston wall, so that the previously trapped volume 
of gas in the piston cavity dees the work of driving the piston 
by its expansion, The first type was used an the rifle, Ml, 
white the second is used in the rifle, ከ14 and machine gun M60. 

The latter type has the advantage or providing a limited measure 

of compensating for differences of pressure between different 

lots of armunition. That is, a higher bore pressure would cause 

the piston to move beck ከ ምሽ c ing the gas port to close 
earlier, limiting the amount of gas that መች the gas cylinder, 


Some milit. 
áa method of manua 
of the gas system. This 
differences in ጩና Pes Amert, 


i 
ly MR E tib gas ME ox some pom 
la intended to adjust the gas power for 
t, wear, and/or ammunition. Devices cf 


ሯ“ 
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this type should be avoided if possible, as field experience 
indicates thatid€. will only be accide: if the wants 4ይ 
adjusted properly. wi That ig, after & Gol. hes Imereasad pawar to 
adjust for sand, dust, fouling, etc., he is not líxely to 
decrease pawer un the proper level after cleaning his rifle, 

The result will be excessive velocity of mcving parts, with 
attendant battering, wear, and possible የወባ ቐች፡ 


ihé components accelerated directly by the gas are referred 
to as the primary mass, and includes the piston, operating red, 
and any other directly connected mass, depending upon the wa Span 
design, As this primary nass moves.to the rear, it unlocks the 
bolt and carries the bolt assembly, which is called the secondary 
mass, For smooth functioning, the primary mass should be 
considerably heavier than the secondary mass, That is, the 
recoiling operating rod or bolt carrier develops & given 
kinetic energy from the gas pressure, When it unlocks the 
bolt and starts carrying it rearward, kinetic energy is transferred 
from the operating rod to the bolt. This is reflected in a sudden 
drop in operating red velocity. The nature of this velocity shift 
determines the degree of inertia loss of the primary mags and 
if this is high, function will be erratic. The primary mass A 
divided by the secondary mass is called the MASS RATIO, and this. 
should be at least 3. "n note, the Soviet AK-47 weapon has 
a mass ratio of 5.4, a highly impressive figure. 


Residual pressure in the chamber should ect to help the 
secondary mass, in the work of accelerating the bolt to its peak 
recoil velocity. For this reason, mere gas port adjustment 
does not efficiently constitute proper gun development, as the 
timing of the moment of boit unlocking can improve the efficiency 
of the weapon cycle, DT 


In the continvation of reerward motion, the operations of 
extraction, ejection, cocking; and feeding are performed. At 
buffer contact, 40 to 60% of the remaining energy is returned 
by the buffer to assist - drive spring in maintaining the 
required rate of fire. The closing, or ated md & 
velocity provides energy E strip the cartridge from the link, 
chamber the mop and lock and fire the wea qu, a slice 
closing, the velocity should not exceed 8. fps or & condition of 

slide rebound may prove to bé a problem. 


fr 


In evaluati 5 system, consider the fect that the operating 
piston ioad of necessity is eccentric to the ከ66, Therefore fric- - 
tional force be a the operating red, bolt, and reeeiyer, or 
frame, may be high unless adequately long tesis surfaces are 
provided, The frictional drag is aggravated by marginal lubrication 
conditions due to gas fouling on the piston and cylinder after 
extensive firing. 


e 
‘n 


Attempts have been made to incor "x te annular pistons con- 
centric to tne barrei, but barrel heating limits the effectiveness 
of this approach in ዘር ወይ af firing. 


The forces in the “መው slide bearing on the receiver 
can be solved thus a series of moment equations. 


The standard three equations of equilibrium $ Fy z 0; 2, Fg z 
2 Moments = 0 should balance. 


As a matter of detail, in the gas piston design there must 
be a minimum clearance of Sévcbar thousandths between piston and 
gas cylinder to permit function with thermal expansion, This will 
allow a small amount of gas leoka age, which cén be minimized by 
incorporating grooves on the piston. These grooves help block gas 
escape by the fact that turbulent fiow in the grooves acts to 
keep the piston concentric in the cylinder, and the turbulence 
blocks the flow of gas to a: marked degree, 


, Note that with the formulae K.E, s 1/2m V^ and I s 8ኛ then 

2 12/2M | | | 
Therefore, it is seen thet K.E. is inversely proportional to 

the mass. As a result, the lightsr the piston and operating 

rod the higher the energy. This is due to the effect of v2, but 

the operating rod weight must be balanced against bolt weight, 

the required stroke wits the rate of fire, end momentum with work. 

That iss too light en operating rod will create frictional forces 

due to the high velocity, that will dissipste operating rod 


energy quicker than & slower-moving, heavier operating rod. 


The required velocities of moving parts to attain the des — 
rate of fire, of course, is € function of all the variables of gas 
port lo bak ion end size, piston diameter and stroke, and mass and 
Mea! of operating slide end bolt. The common pee d velocities 
used ere approximately 32 7 ee 


t per second, but may range frcm 24 Bra 
1 design requirements. Tne location of 
ct to center of gravity, piston and 
respect to loads on the receiver, 
id ከ 


up to p fps, uiro n M 
siide guide WEYES with re 
bore is quite critical y 


fie 
[s * 
21 


location of return spring an uffer. Moment arms should be 
minimized wherever possible, 


As for the operating rod energy, after estimates have been 
made of the required pesak velocity, this cen be related directly 
to the piston size, Using I sm V, the required impulse is 
determined.. Integrating under the pressure time curve between 
the time the bullet passes the gas port and the time that 
pressure is cut-off (or exhausted at the muzzle) determines 
availiable power. 


Impulse avat labie) X 1. its. Si 


m = E fg 
a 
t3 
a 
e 


dt - tíme diff. 
Also, change in velocity of the piston is a function of PA dt 
M 
Then, after dwell travel, the operating rod momentum will unlock 
and carry the bolt back. At this instant their combined momentum 
will be slightly lower than the single operating rod momentum because 
of the work done. 


Typical Ane ais of Gas Systems 


A brief resume of factors affecting gas € 
given in the previous chapter of this series; 
particular studies 6f pas systems "s. wii 

| in order to provide'a comparative basis, or gu 
ges system £tudies.,' | 


ystem design was 
however, a number of 
i be reviewed here, 
uideline, for other 


The studies reviewed are as follows: 


(A) Energy extrected from the bore to operate a 15.mm Spotting 
Rifle 


(B) Effect on weapon function of Ammunition Pressure Variance 
(7 .62mm) tas | 


(C) Maximum Pressur 


fo 


in M14 gas cylinder 
(D) Maximum Pressure in M60 ges cylinder 


NOTE: These studies are based upon actual instumented values, end 
therefore are realis | 


15mm Spotting Rifle, XM90 Gas System Analysis 


fhe spotting round was developed so that through proper selec- 
tion of ballistic coefficient (projectiie veight, caliber, form 
factor) end muzzie velocity the trajectories of Spotter and major 
weapon would match at long ranges. Much of the preiiminary ammu- 
nition development was conducted using single shot Mann barrel 
test fixtures, so the abject of this study is to determine how 
much va — in veloc diy is caused by tapping some of the gas 
from the bore and into the gas cs fne. 
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Since the projectile is affected by gas teken from the bore 
before projectile exit, the pressure-time histery of the gas 
cylinder up to the time of projectile exit will indicate the 
magnitude of the energy extracted from the interior bellistic 
system of the weapon. | 


Calculated Energy extracted: 


Impulse - ጨሌ ል፻ሂ A = Gas piston ares 
፲፻ 1,59 Ibaia S86. RI (.765)2 = 450 ii" 
2 P = Gas cylinder Pressure 
E = 1^/2M = Ig - 2800 PSI 
2W 
- 1-17 meee, 
Es Byes ME b, l Ws /,0 Ib. Cinertia) 


Piston velocity at time of bullet exit e 7.2 fps. This 
continues to accelerate to a maximum of 11.6 ft./sec. after bullet 
exit) | 


E c ..I v? - in ተብ = 7. > mE = 2164 fts-lb. 
2 2። d x. 


Ihe gas system functions at an efficiency of approximately 
30%, therefore/comparing energy delivered to the inertia mechanism 
VS. energy extracted from the bore, we have 


es 5588 s 19,5 $t.lib. 


E e Wp Vm* Wp = 1240 grains 
64.4 ym . 1450 fps 


7000 x 64,4 


Em p 8423 ft. = 15. 


or 


Percentage Energy 3655 


Ls z Ec/Em x 100 = 19,5 x 100 = .232% 
8423 


This is verified by data taken from six different lots of 
ammunition, in which five lots shoved no significant difference ir 
velocity loss, measuring with and without gas system. In fact, the 
velocity variation for the test barrel without the gas system was 
greeter than the variation going from "no-gas-system" to "gas system", 


ያሬ 


Therefore, other factors, such as powder measure, rifling 
tolerance, and projectile tolerances offer greater derat fon e in 
muzzle velocity then the energy given to the gas system. 


Effect on Weapon Function (M14 Rifle) of Ammunition Gas 
Pressure Variance at the Gas Port 


This is a brief study of the effect on weapon function caused 
by significant variations in gas pressure at the Bas port area, 


This study should resul 
variations at the gas port p 
ማዛ 


t in a determination as to what pressure 
ositions are acceptable for weapon 


It. will be shown that a relationship exists between the 
pressure in the barrel and the pressure in the gas cylinder 
together with the velecity of the operating rod, 

In the function of the ges cut-off and expansion system, as 
utilized in the M14 rifle system, there are two different periods, 
The first is the movement of the piston and the operating rod, until 
the cut-off, and the second is the ploytropic expansion of the gas 
in tbe gas cylinder after cutoff. The study deals only with the 
first period, which wiil give an adequate relationship between the 
gas pressure in the cylindés and the velocity of the operating rod 
with respect to the pressure in the barrel at the time of cut-off. 


The velocity of the 556 flow "W" through the gas port is 


constant because the pressure in the cylinder is under the critical 
pressure, 


n 


Therefore, equation #1 
WE Y 


la) ለሊ | 
(1b) P2/Pi = (Ë) | 2/ኗ+1 K/K-1 
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W s Velocity of the gas 

Cpe Specific heat of the gas 

Pis Pressure in the barrel 

s Pressure in the gas cylinder. 

2 exponent of polytropis ex MS 
s ges temperature in the barrel 
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it should be noted that Pl is not the instantaneous pz ssure 
when the bullet pess¢s over the gas port, but is the eversge | 
sage and time to cut-off. This will not 
induce an error, since it is assumed that Pl is proportional to the 
bullet passage pressure. This study will deal with qualitative 
proportions, rather than absolute values. 


To determine realvalucs, the equations require coefficients 
that are found only by experimental tests. These values were not 
avallablé at the time of this study, and will be noted as the 
formulae are developed. 


The mass flow of gas per unit time is given as; 


o 


(2) M. 2498 
7 V2 - CO - Volume 


and can be written thermodynawically es: 


e 
(3) Mz Ao fix g (አ) 
REL 


QUITA 
ፀ zzg E 
ki A 


Ao = area of gas port which is fully open until cut-off time. 


After a period of time "C" be gas weight "G"! in the cylinder 
is: | 


(4) Geko Ph ብበ (RK) ር l a 
Vex note that G = Mt 


The pressure P2 in the gas cylinder is: 


Uu» Hac MALE 7805) 22 ቴ 


<j 
o 
0 


- Volume of the piston cavity 
(Note relationship of Vo with P2) 
Temperature of gas Flowing through the orifice 


e 


E) 
ሎኃ 
0 


Another thermal relationship is 
1 


(5a) Yo/7, z 2/ጾ+1 
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which produces the final expression: 


(Say Pyme . x 
Vo Pil Rr, Wow pr 


(5c) where V (K) a 2/K+1 ' 0 (K) 


The maximum pressure in the gas cylinder, therefore, is at 
the time of the cut-off. 


This time can be determined by the equations of motion for 
the piston and oper&ting rcd. | 


(6) Mx + Fo ው i = Poth 
- mass of piston and operating rod 
= Spring force 

K s Spring rate | 
s Ges cylinder area 


K x can be neglected since the displacement x is quite small. 


The solution of (6) 45 given by: 


AS e, AD 


Velocity is given by: 
V = dx/dt 


(8) ኛ 2 Pg t^ . Fot 
Y <> M 


2M 


The equation is limited, of course, by the diameter of the 
gas port in the piston Dp. Therefore, Xmax 5 Dp 


(7) Pt? - Fo th 
“ - . SE 


For all practical purposes Fo (Spring force) can be neglected. 


The equation then reduces to: 
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As a result of inspecting equations (5), (7); (8), and (9) 
the relationship with bore pressure Pi is as follows: 


(10) max. P2 (P1) 2/3 x CONSTANT COEF. 
(11) V (9) 1/3 x CONSTANT COEF. 


The constant coefficients are e function of temperature, 
effective area of orifice, orifice length, propellant, and Mass. 


V is the operating rod velocity at cut-off. 
Therefore, from equations (10) and (11) it is seen that for 


a pressure variation of Pi of 30%, the variation of gas cylinder 
pressure Po will be 40% and velocity variation V will be 10%. 


Maximum Gas Cylinder Pressure (mi4 Rifle) 


dcn 


Applying numerical values as folicws: 


T - 2800 °K 
R - 119 ft./degree Kelvin 
K = 1,246 


Gas port dia. 5 .073 in. 

Dia. cylinder s .50 in. 

Mass of piston and rod z AS “EB a. = sec*/£t. 

Initial cylinder volume 6291 in? | 

The barrel pressure at the port, Pl, is in the order of 
15,000 psi, but values will be shown for pressures ef 10,000 
and 20,000, as well as 15,000 psi .for comperative values. 


P (bore) s 10,000 psi P (cyl) s 1540 psi V s 13.5 fpe 
P (bore) s 15,000 pei P (eyt) z 2170 psi V s 15.0 fps 
P (bore) z 20,009 pei P (cyl) z 2750 psi wv. 1732 tps 
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Maximum Pressure in M60 Gas Cylinder 


For comparative purposes, the same method may be applied 
to the M60 machine gun, since that weapon also employs the expan- 
sion and cut-off system. 


E . MM 
Diameter of gasport 10 ጫጩ. .073 in. 
Cylinder dia. 2875 in. .50 in 
Initial cylinder volume 1.879 in. 291 in.” 
Weight inertia 1.53 1b. 59 1b. 


Piston motion to cute off .19 in. .,025 10: 
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The pressure in the 
15,000 psi. 


from equation (25) ! 


p2 = Ao ' CONS 


ini 
pressure in 


en 0 ፻ 02 


Relating M60 values to 


(60) Py = (60) Ao - 


(14) Ac 


therefore, 
(60) Pz = 


Since (14) 
M60 gas press 
vent hole; 


፻ 2 Pa (1 ~ .055) 
Max force on piston; 


zi Tr ! b. p» 5 


Definition of terms: 
W = Velocity of gás 
ደ z gravity, z 33 As 
Cp » specific heat af 
Tj s Temperature gel Í 
N z Pressure ratio co 
K + Exponent of pölyt 
Piz Bore pressure (ev 
Por Las cylinder pr 
Ñ s Mass cf gas 
iege 1 5= get 


,2 
e Gas constent Py 


function of E, K; 


» Weight o£ gas 

t = time 
Vo - Volume of piston 
To z Temperature of gs 
y = Coefficient 24 X 

( - Mass cf inertia p 
ል = Ares d£ piscon Cg 
tg = Time to ges Cutat 
Do = Diameter o£ gis b 


3,42 


TANT COEF 


‘area cf gas port 
ial cylinder volume 
gas cylinder 


M14 values ( 


(14) Va . (15) Pa 
(60) Vo 


1/6 .5 


then (60) P, 


(14) Po 


¿+ 1150 psi 


z 1090 521 


et 
t^ 


cylinder) 


Sinus Ft 


ts th 6ነ tn 
bins 


o0 


(14) 
(60) 


barrel for each weapon is approximately 


M14 


- M60 
forward 
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Weapon Design 

In this section a number of ordnance design practices are 
reviewed which shouid serve to instruct the uninitiated. In this 
respect a number of elements of "art" are practiced, but 
ordnance engineering 1s predominantiy a "science" as are most 
branches of mechanical engineering. | 

Experience, therefore, yili lead the ordnance engineer toward 
utilizing the principles disclosed in these chaptere. Creativity, 
or inventiveness, cannot be taught, but comes with practice in 
sólving problems and "thinking out" new approaches to problems 
that are either old or new. This is therefore an individual  — 
quality which cach engineer must cultivate. 
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Headspace 


INeádspace" is simply the critical dimension that relates 
the chamber size to the cartridge size. In order that prolonged. 
bursts of automatic fire may be executed without stretching or 7 
splitting the cartridge case the headspace dimension in the 
weapon must be maintained and not be affected by temperature, 
strain, or fatigue. 


The term "headspace" was derived as a specified distance, 
or space, between the bolt face and barrel face, in tke days of 
rimmed cartridges. Early cartridges, including those of high 
power class, were rimmed; therefore headspace indentification 
and control was simplified. 


The use of rimless and semi-rimmed cartrdige cases necessitated 


other techniques for identifying "headspace" in a weapon. - It, therefor 


is designated as the distance from the bolt face to the surface that 
stops forward movement of the cartridge case in chambering. 


The standard necked case will have a reference diameter near 
the middie of the tapered shoulder area thet corresponds with 
the same diameter in the barrel. The variations between projectile 
headspace and weapon headspace is the clearance, and this is usually 
the effect of tolerance accumulation. A number of machine guns 
have been developed that utilize an- adjustment nut to draw the 
barrel closer to or further from, the breechblock face, thus 
compensating for changes in headspace that may be due to wear, 
replacement of components, case stretch indications, ete. Medern .* 
machine methods permit production of weapens with a "fixed" headspace, 
such as the M60 machine gun. | 


mentioned above, the headspace in modern chambers is the 
ር 


ፎ: 
tance from the locked breechface to a reference plane along the 
tridge shoulder. To measure, OF check, this & special set of 


5. 


BASIC FORMS OF HEADSPACING 
የከ ርው መሽ 


ee መመ ወሙ መሙ መ 


KIMMED CARTRIDGE RIMLESS CARTRIDGE 


(30-30 Win.) (7.62 mm NATO) 


RIMFIRE CARTRIDGE 


BELTED CARTRIDGE 
09.1 6፡22) 


(.375 H&H Magnun) 


SEMI-RIMMED CARTRIDGE RIMLESS CARTRIDGE 


| (Cab. 2° ACP) 
© indicates HEADSPACE CONTROL DIMENSION 


(no bhousgep) (alae AOT) 
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gages is required, A "master ring" ig used to check 
g^gec 


For exemple, in the cal. » O Mi, the headspace specified 
is 1.940 MIN, 1.944 MÁX., 65 var ation of only .004. This ie 
measured from the breech fece En ፆ reference diameter of 4625 
ex of 34°26" Liei. ልፎ additional .002 

itted when inspecting overhauled rifles, with 
yet another 004 edditional permitted as a field headspace limit 
for servicearle rifles, of 1,950. This is a total of .010 he&ádepace 
variation permitted. This is close to the limit for a brass case, 
in which .016 stretch would adversely stretch the case body at 
the erea behind the shoulder. 


headspace is perm 


Another headspace control technique utilizes a "belt" or 
shoulder that functions ae a secondary rim in front of the base 
rim. This short stopping shoulder stops on a ledge in the 
chamber shortening the hesdspace length, thus minimizing deflections 
in firing. | 


Control of headspace is necessary, because excessive headspace 
will cause irregular ignition 88 yell as overstretched cases. 
Excessive headspace msy cause case rupture, resulting in a 
stoppage, if not serious breakage. Excessive plastic deformation . 
of the cartridge case may be cbserved as a shiny circle 
approximately 1/40-3/8" behind the cartridge shoulder inside the 
case. 


The following stress-straan diagrams demonstrate the conditions 
of either clearance or Cese interference, after firing, in the | 
radiel direction: 


& 


The following essumptions are made; 


(1) The chamber recovers completely from the deformation 
due to propellant gas pressure, otherwise the chamber would be 
most improperly des 


) The yield strength of quaxter-hard 70-30 cartridge 
case brass is 40,000 psi. 
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RADIAL EXPANSION 
CARTRIDGE CASE VS. CHAMBER 


Stress-Strain diagrams of cartridge case radial expansion in chamber 
during firing for conditions of normal and excessive barrel expansion. 


STRESS 
STRESS 


Initial 
Clearance 
Strain 
BBL. 
_ | Expansion 
si fee, —— — Interference 
Case 
Relaxation. Perm. 
z Set A] 
Case Case 
AA Exp ansion Ene Expans ion —-———_——> 
Due to BBL. Heating in 
34 a Resulting Clearance Extended Firing 
(Case will be free for extraction) 
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Strain 


The obvious methed of preventing interference is to increase the 
chamber wall thickness or reduce casc/chsmber cilesrence. 


Longitudinal clearance, of course, can cause serious stoppege, if 
excessive. 

In & number of System?, crunch-up 23 intentionally designed into 
the case end ርክፀደዉ25: sufficient residusl energy must be avait à 


4 
e 
pe 

2 ቦነ 
{3 
pa 
Tt 


the moving erri] tå perform this werk. (M75) weapon, 55 EL 
example exhibits this pethod of cartridge control in the chambe 

One approach v mmm design 35 to assign 8 metaletormetal con ntact 
between a minimum ce riridge ው = maximun chambez. If there is not 


available energy to TRN a round wider conditions ef interference; 
then the chamber must be deepened, at the cost af excessive heedspac 
when tolerances result in an excessive clearance « 


(D 


ን 
gh 


Chamber sidewall taper is cal 
extraction. A siight rimary extr 
from the chamber w3 AL, 


A forcing cone at the stact of the rifling peppar p the rotating 
band of the bullet for engraving by the rifling, with a mininum of free 
run, or "bullet jump" to minimize impact. 


The Se Machine Gun, for exemple, required —— adjustment 
each time the wespon wes “ፎ 52635 353 ox each time encther barrel was 
inserted, The "M60 machine gun has "fixe d headepace" and. does not requize 
field adjustments. This is due to coordina tion between gun design end 
production techniques. i | 

For example, in the BMG too tight headspace would cause: 

(1) Faiiure ol iock to enter recess in boit. 
(2) Failure to fire, the bolt not reeching the firing position 
dein Gus to ener? 


(4) on pate ooking friction. This 
quent 


is the most fre 
Loose hesdspsce would tend to cause: 


(1) Excessive vattering of tre lock, locking recess, and 


MAX, BOLT 


Kmerissm sartrldge tress ig Safer thee the Doae brass, to 
allow gésateo hese apace saziatich. U.S, Grenumice preetice de Tar 
100% interabengesbildiy of componens, wherane European practice 
for greater vie € e S ida fiting SE 
agsembly. For this reser, the Buccresn tard bress i: not usually 
given to excessive care stretch, 


Front iccking iugs 2286 desirable fcr dezlgms tet tend to 
reduce Excessive Case siegeeh aa firiog. Bed Daking lugs, oF 


m the case ¿est cause 
55 of the boit 
space change 
Fer this 
with 
ቄም...” ፡.-:: 


locking surfacez Lora 
stretching of the receiver or ር 
body, both according te ka formula z PÁ/ 
also occur: through tempersture 
reason, most modern weapons «fe 
fixed headspsce, resulting En l 
in extended firing. 


[EE 


a የት 
x ሀ ሀ› 


Symptoms al excessive headspace are obvious in visual inspection. 
= wg a T a Er wait zone extending all around the 
gue ጊ a 


A Case atncEech ig à 


bes 
in E pe vp on "the a ens 


& 
ሙቃ 
ል atle 2e 3 C^ . (6S mna “መይማ 2=ርየነፖፓ 2 ር: "ፓፎ 52 he free 1 t 
B iO. ve: ATI BE x i ae Qu => ው 56.» ጻ፦>., መ ሬ D. a KE n መጨ A EK n ^ 
permits the cartridge case ard boit in setting beck against the 
locking abutment. This impact inteneities one shock loading factor, 
and le dengireae for remefivars tempered to e kigh tendnezs. The 
. rimless cartridge cér. -Rovicteriitic2elily be driven forward an 
«reses empunt by che best slamming into battery, particulariy if 
re is excessive forward clearance between tbe vole end the barrel 


T -p 4 . =ሟጩጫ መ ግ ሥሙ ety t» 4 - * LI ሽ o mt. 1 ees = 2: ae 
Here a prernticel exercise 5:8 geven sn studying dimensions and 
4 , 


. ae ኸ .መ he : & ሮን ¿> T ። ጫ = e ” 
aee MIos TE ralesFewees iM a 


(42.0 —teo—s 


11634 > 
ረ›ዕሬ 
chamber 1.6345 X 1.6315 ከ "x! indicates maximum di 
case 1.628 N 1.634 X ከ" indicates ininimum di 
—7770065 X .0025 INTERFERENCE, OR CRUSH. | 
CLEARANCE | E. 


* 1.6315 4 .003 AFTER PROOF FIRING 


Looking further into the development of this headspace data, 
study the ability cf the case to stretch: The eection' just to 
the rear of the case shoulder tapers from a thickness of .010 inches 
to .030 in ይ length of 1.310 inches. The formula for determining 


allowable stretch is: 
sl il 
d- E where s 2 yield stress of 40,000 pel 
E ። 18,000,000 psi 
be 181 da. | 
404 X 1.310 
d = 18. 
d = ,003 " 


Therefore, any stretching over .003" permanently deforms the case, 
which iliustretes why handloaders resize their cartridge cases. 
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A look at Ene individual dimensions in the M60 Machine Gun 
to demonstrate how tolerances can accumulate; 


ፍ:ጉ-- 6 2:9 P5» 


SEATING SHOULDER 


| BREECH 
ማረር 
| 
| 


se : d 


688C ‘ e. TY | 
| ቸው ለሙ = | DINi.—- 
BBL. p 1903 BBL, DIM 
SOCKET 

መ ere BOLT DIM. 


ACCUMULATION OF TOLERANCES: 


1.909X 1.903 ከ 420 X 418 N 

,6895X  .6865N 5495 . .5495 — 
መ ,9695እ 9675) 
2.5085X — 2.5895N | 


=  .9675N Ras) ea) 


ጻፍክ ap ELIT Ca -665› ነ 


1.6310X 


eal 


Therefore, after the closest tolerances, reasonably maintained 
in. production, the final headpsace dimension, reamed at assembly, 
compares as follows: 


17632 3K 
1.6200N 


BEES 


Quem oco A ee ul Re HP ‹-4ሠ 


1709 BN 
1,63 20 


METAL REMOVED 
BS 


ee 
. ,QOO5N 
<=... ዐ 


ዘልዉ. ‹‹ጠ me] OT SES ID 


For machine guns, the barzel chamber area may increase in 
temperature by as much as 850 F. 


o 


The temperature expension, then i 


Se = BDL d 
በ = 501073” 


(,0000065) (850) (1.63) 


Tt is obvious that for prolonged firing excessive stretching 
will ensue, which may be compensated for in the certridge case 
physical properties, uhich are generally as follows: 


Properties of: cartridge brass; 


70% Cu 
30% ah 
| ! BARD SOFT 
| Tensile Strength kpsi 70 41 
, | ; | 
ሂጄ elongation in 2 in. 6 62 
- yield strength (5% extension 63 15 
under load) kpsi 
: Rockwell Hardness B82 . F64 
Melting Point 1750°R 
Density PEt? 532 
Coefficient of expansion per | Ep X 10° 11.1 
Thermal conductivity 70 
(ETU/br/£t^/£t/F^) 
U.S. cartridge brass is approximately quarter hard in order 
to teke advantage of the high percentage of permissible elongation 
(ductility) i 


in closing this topic it may be recalied that duxing days 
of adjustable headspace machine guns, 8 gunnery instructor could 
adjust the weapon 50 that, after firing priefly, cases would begin 
to split, end the students would have te quickly correct headspace, 
in the dark, in order to complete the course. 
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in Smail Arms Desie 


pP ond <a. A. MU 


Typical Factors of: Safet 


The determination of allowable stresses for small arms components 
is quite importent in thet smell arms design demands ይ minimum of 


weight and volume commensurate with the work being done by the weapon 
mechanism, The fector of safety is generaily an educated guess and is 
based upon the endurense life of the subject weapon. It should take 
into account the non-uniformity of the material end its heat treatment, 
inside corners of various degrees ይ5 stress raisers, tool marks, 


grain direction, and a myciad of other factor 


ርዕ 


ሩ 


If the allowable stresses selected in design are too High, the 
service life of the component is compromised, whereas if it is too 
low, a penalty is paid in excess weight, particularly for an infantry 
weapon. 


One comparative design area that may be used for study purposes 
18 the bolt locking lug design. This area is usually highly stressed, 
since the bolt lug size is preferably kept to a minimum.. This is 
because, for rotary end tilting belts, if the rotation to lock/un!ock 
is minimized, the cam profile wlli be reduced, and bolt carrier "owes 
bulk minimized. The. locking: lug height is minimized, as this detere 
mines the sige of the receiver or locking ring. As 8 result, 
allowable stresses are as high as any other cemponent in a weapon, 
with the possible exception of the barrel, which has edditional 
atresees due to temperature, vibration, external loads, etc. 
Therefore, locking lug design practice is more representative of a 


small arms design structure than barrel design. 


= Accordingly, maximum stresses end resultant factors of safety 
for three bolt lug designs ere compared, 


These include: 


(a) 7.62mm MSO Machine Gun 
(b) 7.62mm M14 Rifle 
(c) «xl. 2520 M Carbine 


The maximum firing force is assumed to be the maximum service 
pressure, multiplied by the maximum inside area of the cartridge 
case, since the wail cf the case does not transmit bearing fo: 
(Except in the instance in which the case ruptures from exces: 
headspace). 


ly shear, pressure, and bending. 
hen combined into a comparable 
Bencke-Von Mises theory. 


ording to this theory, when there is a two axial stress 


Accar 
consisting of a normal stress and a tangential (shear) stress the 
equivalent stress is: 


Se? 5 85 + 3€* S - BEARING 
a SHEAR 


The equivalent stress must be smaller than the allowable stress 
in tensien. Therefore, the maximum shear stress is equal to .57 
of the allowable stress in tension. (as a maximum) 


yt is recommended that che ectual shear stress is 1.5 times 
the caleulated average shear stress, because in bending, the 
shear is not dietributed evenly over the cross section. Summ. 
rizing, then, | 


1.85 C <= 57 8 (ALLOWABLE) 
wm — da 4485 (ALLOWABLE) 
— 


As for the bending stress on the locking lugs, it is assumed 
that the breech thrust force is uniformly distributed, so that ~ 
the lever arm of the bending moment is taken as half of the height 
of the locking lugs. 


Under these assumptione, the following values were determined: 


! 60/114 „CARBINE 

Service Pressure 50,000 psi 34,200 psi 

Cartridge I. D. | 41 in | 31 in 

Force 6,600 lk. 23000 Sb 

Resultant stresses are; E 

CARBINE 
160. .. MA. «Left Lug - Right Ls 

Shear stress 12,700 31,000 172500 17,000 
Bearing stress 70,000 64,000 90,000 22,009 
Bending stress 7,800 50,000 10,000 40 ,000 
Combined stress 23,400 73,400 21,000 50,000 


The safety factor is a ratio of the dynamic yieid stress to 
the above stresses. The dynamic yield stress is assumed to be 
equal to the static tensile strength of the material. 


The static tensile strength is: 


'& TENSE e 


LE = 168,000 psi for M60 & M14 
'sS' TENSILE s 172,0 


0 psi for Carbine 
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Safety factors resulting: 


M60 M14 CARBINE 
Shear 5 ad 2.2 3.9/4.0 
Bearing 2.4 2.6 1.9/7.8 
Bending 21.4 3.4 17.2/4.3 
Combined 2n 3 ሪጋ 8.2/3.4 


Therefore, as a guideline, the preliminary average factors of 
safety for design is recommended as follows; 


Shear 3.0* Minimum 
bearing Z5 Minimum 
Bending 4. Minimum 
Combined DD Minimum 
*Shear stress safety factor fa .38 static tensile strengtb 


Stresses in Barrels 


; Much of the smell arms barrel strength is designed to resist 
external forces, such as bayonet thrust loads, pull from sling, 
grenade launchers and other muzzle attachments, parachute drop, and 


other adverse or abusive forces. 


An excellent arrangement of standard formulae on this subject 
is given in Pamphlet AMCP-706-252 "Gun Tubes" 


However, additional confirmatory data is obtained experimentally, 
and strain gages are applied to the outside diameter of the barrel 
in order to measure actual loads (strains) imposed during firing. 
The internal pressure in terms of the strains measured at the l 
outside diameter is given by the following formula: 

Pi 5 1/2 EÉc (w^-1) 

E a Young's Modulus (30 x 109 for steel) 
£c - Strain in/in measured at O.D. 

w = ratio of (0, D..tà I.D. 

For a simple comparative value, the following formula for the 

ess 


maximum tangential str which occurs at the inner wall, is frequently 
useful: 


9 


Ctp - p wel 


*& 3 ke wall matos De£Dti 
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As a gencral rule of thumb, for rifles, the barrel thickness over 
the chamber should be at least 2/3 of the dia., Di, meesured at 
the midpoint of the cartridge body. 


For 7.62mm NATO: dia - Ges, 


ced th. = «320 
0, D. = 1.085 
w = 1,085/,40056 = 2,34 
| we e 5.45 


Using a proof pressure of 65,000 psi, the resulting maximum 
tangential stress at that point in the barrel is approximately: 
6tp z 65,000 X 6.45/4.45 = 94,000 psi 


e 


For machine guns, where temperature stresses are a factor, 
the wall thickness should be increased so that the maximum | 
tengential stress is in the order of 80,000 psi. Another 
useful formula is that : 


for thin walled cylinders: (t (1/10 D) 
hoop stress z pr/t 


axial stress a pr/2t 


Stress on Bolt Locking Lugs 


In a rifle design, the bolt lugs are usually highly stressed, 
as noted in.the previous chapter on "Factors of Safety". 


The Gale .30 Mi rifle is used as an example, since, as a rotary 
bolt with front locking lugs, it typifies most of the modern military 


rifles. 


Several methods may be used to determine the load developed . 
aginst the bolt face during firing. 


The first shown is in knowing the shape of the pressure-time and 
pressure-travel interior ballistic curves and equating impulse to. 
momentum, so that | 


Ft e mV 


In firing a 150 grein bullet with 50 grains of propellant, and a 
muzzle velocity of 2700 ft./second. 


The peak pressure is 50,000 psi, and acts for .2 msec. before 
a projectile travel of 1.5 inches with a velocity of 1200 fps 
causes a decrease of pressure in typical hyperbolic fashion. 
For this period of prejectile acceleration, Fe mas my 
E 
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150, de አህህ... a 
F - 7000፳32 . 2X .0002 ን 4000 ib. 
This is the thrust load acting on the projectile at the time of peak 
acceleration. i 


Compare this with the projected peak pressure, acting on the 
bore diameter and the cartridge cesse. 


Ll 


F a SA a 50,000 X HIL 308% = 3750 lb., which compares with the force 
"of 4000 lb. | 


Inside the cartridge case, the inner dia is approx. .410", therefore 
P = 50,000 X7//4 41% z 6,600 lb. 


This may be taken as the peak thrust against the bolt face. The 
bolt thrust forces are developed by the peak pressure acting across 
the inner case dia, not the chamber dia. In the event of a case 
rupture, then the pressure does act across the chamber dia, increasing 
the bolt thrust considerably. The difference between projectile and 
bolt thrust is the force acting against the annuler case neek, 
obturating the gases. In this case it is approximately 2850 1b. and 
acts to stretch the cartridge case in the chember, requiring 
headspace control. This will be discussed in detail in the chapter 
on Peadspace. It should be noted that any looseness in headspace 
will increase the impact effect of the case and bolt against the 
locking lugs. l 


in calculating the stress on locking lugs, four stresses are 
considered: ' 


(1) Bearing 

(2) Shear 

(3) 45° shear 

(4) Bending 

(5) Combination of above 4 stresses 
Using the .30 cal. Mi example, the bearing surfaces are approximately 
O81 46,“ which results in & direct bearing stress of 5,500 1b./.081, 
of 68,000 psi. Apply & factor of 1.35 as en .ímpact load ratar, due 
to the nature of dynamic loading, resulting in a stress of 92,000 psi. 
rea should be approximately at least twice 


ing height. This will provide, in this 
ያ 46,000 psi. and provide a lug that will 


as long as the direct 


Now the direct sheer 
instance, a shear stres 


ez: 


“ፆ 
elo 
€ 
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be essentially free of high bending stresses in the axial direction. 
In the actual Ml, the lug is longer than necessary; therefore the 
shear stress is lower. (314000 735 Bending stresses in the radial 
direction are more complex, and formulae may be found in Roark's 
"Pormulae for Stress and Strain". 


The 45° shear stress is known as Lueder's slip lines, and is a 
plane 459 to the bearing surface. This is the plane of meximum — 
shear stress. In this example, the shear stress from this source 
is 92000/4/2 or 65,000 psi. | 


The radial (inward) berding stress depends upon the construction 
of the bolt body. Hollow shell type bolts, may suffer high stresses 
in this respect, but a fairly solid bolt head, as in the Ml, is 
rugged in this respect. 


It cannot be overemphasized that sharp inside corners, parti- 
cularly on the stressed corner where the locking lug is developed, 
should be avoidedsince a sharp inside corner is the beginning of a 

rack. On some bolts considerabie inletting of grooves are E 
specificially machined in order to avoid the presence of a sharp 
corner. This is done on the M60 bolt, for example. 


Note that in the M1 boit structure the locking lugs ere positioned 
high with respect to the lateral centerline. This results in a 
definite longitudinal torque to the entire bolt body, thus positively 
defining the stress path for each shot. That is, on each round, 
the upper surface of the boit body is in tension, the lower surfece in 
compression. This gecmetry is necessary, 80 that the feed lips may 
be raised to a favorable position for feeding. 1. 


One common formula for combined stress is: 
Mex. Sp z J (1/2 5)” 4 Se? 5 79,000 psi 
Sp z Mex sheer stress 


S - Bearing Stress z €8,000 X 1.35 2 92,000 psi 


the principal stress, then le 
1 ይ. 2xXE 22 
5 = 1/2 8$ t j (1/2 S)" + 58 2 125,000 psi 


This is why points of stress concentration should be avoided, 
as a plague. Note also that the peak loading time of .2 milliseconds 
develops a safety factor, since the bolt lugs undoubtedly react to 
a lower everage load. 


on 
C 


However, the 125,000 psi combined stress value is a geod 
reference point since the yield strength of this material is in 
the order of 160,000 psi. 


There eje e number cf methods by which a bolt leck may function. 
This includes rotary poits, tilting bolts or locks, prepped locks, 
wedge locks, ad infinitum. However, each good locking system should 
have a number of distinct characteristics that enable it to functio 
efficientiy with the high pressure characteristics of the cartridge 
case, The most prominent mechanical design feature is that commonly 
referred to as "primary extraction" or ‘initial extraction". 


jt is that characteristic in design that enables the 
cartridge to slip rearward only several thousendths of an 
inch in the chamber prior to unlocking end full extraction. In 
this way, the cartridge case is pried away from its sealed-in 
position in the chamber, end same semblance of an acceleration 
to the cartridge is applied. ይኒ this time of initial extraction 
the chamber pressure is still in the order of 700 - 1000 psi, therefore, 
the cartridge case is stili in & cendition of stress, particularly 
at a point just to the rear ‘of the shoulder, where the wall thickness 
is near e minimum. This +s where case stretching occurs, and will 
be 8496ህ585 in further detail in the chapter on "headspace". 


However, the bolt locking lugs, the eubject of this topic, 
should provide initial extráction because, for rotary bolts, the 
lug bearing surf&ce is machined at a helix angle in the order of 4. 
Angles larger than 40 are not recommended, as the belt lugs will 
not be self-locking, but will tend to transmit a rotary pulse 
upon firing, therefore bettering the locking cam and/or stud. 
This helix angle not only cams the cartridge into the chamber but 
also heips back out the cartridge case, unseating it from the 
chamber walls preparatory to the formel extraction stroke and this 
distance is equal to the arc length rotated by the bese of the locking 
lug times the targent ዕደ LS, Therefore, retary bolts with large 
numbers of smail lugs are limited in this extraction distance 
because of the smell angle or rotation. 


As a simple experiment in observing the self-locking stability 
of a boit, merely assemble the bolt into the locked position with- 
out the operating rod or bolt carrier, end with the gun heid 
vertically, muzzie upward. Carefully drop a long, brass rod down the 
bore, so that it will impact sharply on the boit face. While the . 
bolt will prance up and down, if the locking surfaces are self 
locking, the bolt wil e rotate and fail cut. Repeat this 

several times, particularly if the bolt creeps in rotation. Bolts 
that tilt, as the cai. .50 M8 Spotting Rifle and the 7.62mm EN 
rifle, or have tilting lecks, as the BAR, also exhibit primary 
extraction. As the bolt locking 50፡46 mides up Ebe becking 
abutment during unlecking, it will be observed thet the bolt face 
moves rearwardiy a proportionately snail distance. The same is true 
of the Browning Machine Guns, in which the locking face is net 
vertical, but inclined reerwerdly approximately 39 - 4”. 


cre 
ም” 
129 
Q 


96 


The M73 machine gun has 4 cross-sliding boit that moves, not 
perpendicular to the bore, but at 8 receding angle of 4, Again this 
cams the cartridge into the chamber, during feeding, and pries the 
spent case out during initial extraction. 


The cam driven, externally powered weapons, such as the Mél, 
M75, M129, and XMi40 have this primary extraction feature built 
in to a marked degree because of the low slope of the initial 
opening phase of the cam. 


In addition, it may be noted that most of the modern military 
and commercial weapons employ front locking lugs on the bolt, 
This shortens the amount of breech deflection at the instant of 
peak pressure, thereby improving headspace control. 


A practical note may be added here in that the bolt 
should have an adequate impact surface against the barrel or breech 
face when the operating rod is released without ammunition being 
fed, that is, an empty weapon. This impacting will occur 
frequently, therefore adequate bearing surface should be provided ', 
in order to prevent peening cz jamming. | 


Firing Mechanism Design 


The starting point for degigning the elements of a firing 
mechanism is a consideration of the primer sensitivity, 62 the 
energy required to fire 100% of the primers 100% of the time. A 
large number of misfires wili result if the striker blow is less 
than the maximum of the drop test specification for that primer: 
For exemple, in testing primers, & sampling of .05% is taken 
(one in 2000) so that, statistically, if one primer of 1000 camples 
misfired at the high drop ievel, the chances are about one in fite 
of obtaining misfires at this energy level of a group of 200 
primers taken from this lot. 


Inspection methods are usually required to insure that a given 
emall erms weapon hes adequate striker energy delivered to the 
firing pin. This may be done by the firing pin indenting 8 standard 
copper crusher gege when struck. ል teat fixture is designed in 
which the primer is replaced by a copper cylinder. 


Coordination is required between emmunition end wespen 
designers es to the accepted level of primer indent energy required 
for each system. Then, the striker, or firing mechanism energy is 
designed for twice (or 1.5 ss a minimum) the specified "all must 
fire" primer strike energy. 


The following standard primer drop 


summarized: 


CALIBER 

30 RZZle 4 OZ. 
30 Carbine 2 58. 
243 cnl. 2 Ga: 
150 Wal. 8 oz. 


An indent test of various weapons 
was performed, and could be made part of an automa 
instrumented cartridge case could be loaded in a clip or belt. 


A. Correlation with drop test (4 oz.) 


DROP HEIGHT 
gn 
12" 


15" (A11 fire spec.) 


Bi Rifles 
M1903 
M1917 
M1 
BAR - firet shot 
slow automatic 
full automatic 
C. Machine Guns 
M1917 - first shot 
full auto 
M2 AC - first shot 


full auto 
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(using copper pressure cylinders) 
tic burst, since the 


foie 
i085 


«DAN 


020 


test specifications are 


HEIGHT AT WHICH 
ALL MUST FIRE 


INDENT 


inm 


bt 


in. 


in. 


ius. 


jme 


in. 


ENERGY 


3.75° ii. 


2 ዜሬ E. 


2.0 Wits 


Sub mm 


lb. 
2808. 


lb. 


lb. 


41918 ልዱ first shot ,018 in. 
full auto ORAL 


Therefore, a number of weapons appear to be marginally close to 
the 15" drop specificetio 


re 
ብው] 
o 
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To better understand primer test procedure the following is 
repeated from a specification for the M62 (Fuze) primer, in which 
the drop-weight is a steel ball weighing 1.94 2 .02 ounces. | 


Procedure of Test 
 PFQCCOOUMEXt odere 


Drop test 50 primers &t 8 inches. Then drop test 50 more 
primers at 9 inches, at 10 inches, ete., until a height is reached 
at which all the sémple of 50 fire. If the test is run to 13 inches 
and misfires still occur, reject the lot. Then for all other lots, 

test 50 primers at / inches, 6 inches, etc. until a height hes 

been reached at vhich none £ the samples fire. If the test is 

run to 2", and fires still occur, reject the lot. The test procedure 
is terminated as ‘soon es a height at which none fire has been 
reached" i l 


When the striker, firing pin, oF hammer hits the primer, the 

primer pellet is compressed between the anvil and the firing pan 
ip. This blow must be sharp, so that the firing pin energy 

will net be dissipated, causing misfires. The firing pin tip shauld 
not be too large in diameter or the resulting pressure force will 
sheer the primer cup into the firing pin recess, either plugging 
the hole or severely eroding the breech face by high pressure gas 
leakage. j 


The primer strike is one end ዕደ the firing mechanism, while 
the other end, whic za the train of events is the trigger 
puli. Here is where & firing mechenton is £O unique with respect 
to all other mechanisms end devices. The trigger pull must be € 
smooth, carefully gauged motion, of "feel", Trigger pull is in the 
order of 8 lb. + 2 15. and the trigger puil is usually taken in 
two phases, a slack, and a squeeze, The mechanicel motion must be 
smooth, and not gritty, 50 that the marksman does not know When 
the hammer is released. ፲፥ he did know, he would flinch, quite 
involuntery, amd thus miss tis ghot, ፪፻, at any time during the 
trigger pull, the shooter changes his mind and decides mot to 
shoot, the linkages should return.to their starting position, 

and not be “hung up" partway along the sear surfaces. | 


For purposes o demonstration, the M14 ; 
derived fron the Ml Rifle, shall be discuss i pr 
if contains many idesl features, &8 vell as all of the required 
elements end characteristics oT any typical firing mechanism. 


$9 


Outwardly, it is compact, modular, rugged, foolproof in ass 
contains few components, and is accessible for clearing end ins 
It contians one coil spring and one formed wire spring; and two cross 
pins, both of which are arrested from cross motion during firing, by 
the receiver. 

The safety lever is jdeal, in thet its position is instently 
recognized by sight or feel, Further, once the safety is &ppiied, 
it is not easily unsafed by accident. The trigger finger "safes" 
-or "unsafes' the weapon, minimizing moticn of the shooter's hand or 
armo. 


The components, or elements, required in a typical firing 
mechanism, and as contained in the M14 firing mechenism, ere as 
follows: 


1. Housing - This is the form of a three-walled box-typ2 
structure, and is highly rigid, supporting the lower receiver bridge 
and magazine housing. In conjunction with the trigger guard, it 
clamps the stock tightly to the receiver. This is important, 1 
that it eliminates looseness in the housing, receiver, and stock groups. 


2. Trigger Guard - Made of sheet metal, it cemelocks. the housing 
to the receiver, clamping the stock up tightly. 15 is formed so &8 
to be spring-tight in the latched position, with & bullet tip hole 
provided for use with tight samples. As the trigger guard is swung 
open, the hemmer is automatically cocked. 


3. Trigger - Simple, rugged, and comfortzble to the finger. 
The spring moment=axm is extremely short, in order to reduce loads 
to an acceptable level. After hammer release, finger follow- 
through motion is short and comfortable. 


4. Primary Sear ~ in the Mi4 mechanism, this is integral vith 
the trigger. In many other mechanisms, it is the cempenent that 
the trigger moves to release the hammer. The hammer "claw", 

“hook" or "notch" must work at a slight pulling angie waen the 
primary sear 28 in motion, In this way, the hammer/sear will 
not slip or creep dua to vibration, but kinematically is self- 


5, Secondary Sear - This is the component that engages the kammer 
" À P A A a —_ e " ኤ ^ ! " > P 

during the cycie oz operationi after giring while the trigger: Ls 

still pulled; . Tha #écondary sear should hold ithe hammer in ደ lower. 

position, than. the primary sear. When pressure on the trigger is | 

relaxed, control of the hammer then passes from the secondary sear 

to the primary 5652. During trigger pull, the primary sear 

moves partway from the hammer claw in the "slack" phase. Then te 

back of the hammer claw bears against the eecondery sear for 

increased pressure in the "squecza" phase. An extenzic 

side of the secondary seer provides 8 bearing surface for the sear 
€ ic fir 


ኤጋ 
“ 2 " ጻ - 
relegse, in fuil automarer 


6. Sear Release - Mounted on receiver, in the Mi4 rifle. 
In automatic fire, tbis component functions to release the hammer 
upon the timely traverse of the operating rod. That isn pe 
Lammer is held until the boit has been closed and positively locked 
by ‘tire operating rcd, 

7. Connector 7 Mounted on receiver. In automatic fire, this 
component is actuated by the operating rod ta retate the sear release, 
firing the weapon. The timing cf release is a function of cperating 
rod position. (Bolt is locked, bounce under control) | 


8. Safety - The safety locks the hammer and blocks the trigger. 
It cannot be engaged unless the hammer is cocked. This is important, 
as a firing mechanism can be broken otherwise. That is, if a 
safety mechanism is first engaged, then the hammer cocked, then 
the cocking motion would cause the hammer to interfere with the 
safety. As the safety engages the hammer, it cams the h&mmer 
lower than the primary or secondery seer. This is necessary for 
tolerancing purposes so thet, when the safety is relessed, the 
primary sear will always be in position to re-engege the hammer. 


9, Hammer - In this mechanism, the hammer can be repeatedly. 
released in “dry firing" without breakage. The striking face is 
accompanied by én extension thet engages the base of the bolt, 
camming it closed so thet the weapon cannot fire in an unlocked 
position. This is important. The left cide of the hammer also 
contains en integral stop lug, go that the hammer is positively 
stopped during inertia travel, preventing breakage of parts. (cocking) 
Note that the position of the henmer claws io far removed from the 
hammer pivot point, thereby minimizing loads on the hardened 

gripping surfaces, thus reducing chipping, galling, and gritty 
trigger pull. | : 


Note that the point of application of the hammer spring is such 
that the maximum spring leverage is applied when the hammer is 
striking the firing pin. That is, a3 the hammer rotates to à cocked 
position, the lever erm rotetes to a lesser value, thus reducing 
cocking forces. : 


The hammer energy may be taken directly as the spring energy, 
or FXS; that is, mean spring force times spring stroke. 


Time for hammer fail or firing pin strike is given by the 
formula; - 
s - travel (c.g.) 
8 = 32.16 
cas ገ F = avg. spring force 
W = Wet. striker + 1/2 spring 


If at all possible, a rotating hammer should strike the firing 
pin at the center of percussion of the hammer, This is the theroe- 
tical point through which the line of action passes of the resultant 
of all forces acting on the body. It is given by the formulz: 


yi - Jm/xcM 


I - distance (ft) from axis of rotation to center of percussion 


where 


mass moment of inertia (1b./g - Ft”) 


ES 
3 
e 


m zs mass (1b./g) 


ta ' 


XO distance (ft) between axis of rotation to center of gravity 


The center of percussion is correctly developed by reedistrib- 
uting hammer mass. 


10. Hammer Plunger - a headed pin that bears against the 
hammer notch. | 


11. Hammer Spring - a plain coil spring. Spring design 
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will be discussed in detail in the chapter on "Spring Design". 


12. Safety Spring - a formed wire spring that firmly latches the 
safety in either the safe or fire position, Note that the bottom 
leg of this wire form, in the Ml Rifle, also functioned as the clip 
ejector spring. i 


13. Housing, Spring - This component is simple in appearance 
but performs a delicate function, that cf directing the spring force 
on the tips of the secondary sear bits; Looking back at the trigger 
assembly, a force on these bits produces a short counter-clockwise 
moment on the trigger, and a clockwise moment on the secondary sesr. 


To ensure that the bits engage properly for each assembly, 
the housing is slotted cn one side, so as to fit around the safety, 
thus preventing reversed assembly. Note the two smail holes that 
provide seats for the sear bits. 


In summarizing the M14 fíring mechanism, it is dís-assembled 
only vith the buliet tip, and re-assembled without any tools. it 
permits dirt, sand, etc., to work:through the mechanism without 
any inside pockets for same to collect in it. | 


SEMI 
AUTO 


HAMMER 


SPRING 
HOUSING 


TRIGGER 


M 14/M1 TRIGGER GEOMETRY 
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Note that the position and engagement éengies between the hammer: 
claw and sear surfaces is a delicate balance between e self Locking 
grip end trigger pull. The alignment plene of the sear ane harner 
hook, () extended longitudinally is just abcve the hammer pivot 
point. ፲፪ it were below, there would be 8 tendency of the hammer 


to slip off. 


eg just forwerd 
of the trigger pivot point, giving the t cer a counter-c 

moment, es required. When the secondary sear is en 5869, € 
perpendicular to this surface, , 45 just to the rear of 
sear's pivot point, giving it a Clockwise moment, es required 
for a self-holding grip. 


Selfestyled marksmen at times alter their seal rf in 
order to lighten trigger poil. THIS i SE DAWGEROUS 
PRACTICE, as the slope could be transformed to a creeping 
self-release angle, which would be extremely 


The M16 rifle firing mechanism aleo has ell of the required. 
functions. If the bolt is held unlocked, the bolt carrier would . 
hold the hammer head back from failing prematurely. The hammer 
has three di&tinct notches, in different locations, for the 
trigger sear, the secondary sear, and the full automatic sear. 
The secondary sear, here called the disconnect, is unlatched — 
by the trigger being returned to rese, while the trigger sear 
enters its own notch. The automatic sear Te released by the 
bolt carrier. l | 


At times a firing nechenism is required to perform additional 
functione, guch as in the SPIW progrém, where an aucomatic burst 
counter was specified. In this, the weapon would fire three 
rounds and automatically stop. A counter mechenism was incorporated 
which would automatically trip off the sear when the third segment 
of its travel was executed. 


Then it would reecycle itself for the next threesround burst. 
If the selector was then set for semieautomatic fire, and only ' 
one or two rounds fired, then the mechaniem re-selected to 
controlled buret fire, and the counter wheel has to discriminate 
this fact end re-set itself. 


Machine gun firing mechanisms are quite simple, usually requiring 
only a primary sear and a safety. Trigger squeeze is not a E 
significent factor, and the minimum of parts insures esse of maintenance. 
whe most critical problem may be in sear bounce, causing run-away 
4 “452. This may be resolved by shaping the notch to a self- 
locking angle of approximately 5”, and permitting adequate dwell 
trevel in the notch length so that the sear has sufficient time to 
assert itself. 


TABLE OF PRIMER ENERGY 


Small Pistol 500 | 9 ae 
Smali T Magnum 550 8.8 
Small Rifle 400 va 6.0 
Small Rifle Magnum 450 7.2 
Large Pistol 300 7.4 
Tw Pistol Magnum 350 Or E 
Large Rifle 200 Qu 
Large Rifle M2gnum 250 9.45 > 


* Energy imperted to a piston in a test cylinder. 


A uniform striker energy of .45 ft. - lb. was used for 
all primers. | 


The pressure in the cartridge case is raised several 
thousand psi by this primer energy. i 


Feeding 


Feeding is the action of placing each cartridge, in turn, into 
the receiver at a position in back of the chamber. The forward, 
or counter=erecoil motion of the bolt then pushes the cartridge into 
the barrel for firing. This very simple process is the most critical 
in the design and development of a weapon, as "ff" (Failure to Feed) 
ig the most frequent type of stoppage encountered in the development 
testing of an automatic weapon. This is because there usually is 
a portion of the feed process in which the cartridge is not controlled 
This may occur at the following points of the feed cyrees 


A. For & magazine feed automatic rifle: 
(1) Bolt over-ride may occur because the spring-Riased 


stack ef rounds was surging and the base of the top round 
pounced below its pick-up position. 
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(2) In pushing the top cartridge forward, the 
cartridge rim rides along under the megezine li 
At the end df this lip, the cartridge 58865 is su 
released upwsrd. If the cartridge is not cs 

the barrel mouth, receiver, end/ox bolt fece, 


occur. 


B, hor 2 béelt-fed machine gun:: 


(1) The leading linked round can bounce bout in the 
feed tráy, unless it is controlled, usually by cepressor 
pawls and a holding pawl. 


(2) At the point where the round is 
through) type of link, the round base 
uncontrolled transverse force. 


(3) When the artridge is being pusned between the feed 

tray and the chamber, it may be free to bounce laterally, 

TT so that the bullet t € an inside contour 
i ogit 


ip can jam aga&zns 
or corner, jamming the action in 8 ha 
C. Sprocket-fed machine guns: 


(1) The linked round entering the feeder should be 

i controlled so that it does not bind upon entering the 
sprockets. This 28 because of some tendency of the beit 
to "fishtail". Control is facilitated by pulling on 
the center-of-grevity of the linked round. 


(2) The cartridge, in being "passed off" from sprocket 
to bolt face is usually held in a momentary "finger-tip" 
position, and may be subject to "bounce" caused by 
vibration, | | l 


These "danger zones" are aggravated by external vibrations of 
the vehicle, such as truck, tank, helicopter, fixed wing aircraft, 
tripod mount, or human shoulder, The importance of méeintaining 
mechanical control over every phase of the cartridge traverse 
cannot be over-emphasized, if 4 low stoppage rate is desired. 


Usually, the cartridge feed stroke into the chember is com 
cated by the fact that the mouth of the magazine oc feedway is not 
in line with the bore, so that the cartridge must be fed in 
compound directions. In this case a remp i5 .onstructed between 
the feed tray or magazine and the chamber. | 


For best results, tae cartridge should be fairly close 
chamber, and the ramp angle, particularly for magezin 
not exceed 40%, Machine guns are 
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ramp distances, £o the ramp slope is shallower. A series of layouts 
should depict, in small increments, the cartridge motion, In doing 
this, avoid any inside corners in the recciver © rrel extension 

1 


predicted path. 


In feeding a machine gun, the cartridge is uevally placed ‘in 
the feed tray in the vertical axis of the bore, but in a rifle, 
because of the double stack magazine, the cartridges sere | 
alternatively to the ieft and right center. Layouts of bullet rampe 


from magazine to Ghamber should reflect this compound engle. 


The starting point for a weapon design is in placing the 
cartridge in a favorable position for feed. “his affects the 
bolt design, bolt lugs, barrel extension, anu receiver, Lao 
often the locking system is designed first, then the feed system 
designed afterward. They should be integrated. The radial 
distance from bore to cartridge should be minimized, This is 
why multiple chamber revolver guns are more reliable; becaus 
the cartridge is already in line with the bore for the critie 
remming step. : 

The Browning and Maxim families of machine guns draw the 
cartridge rearwardly out of the belt ín recoil and transfer the 
cartridge to the bore axis in c'recoil. This places a greater 
demand upon the feed system, ás it requires that the round is 
already in beit lead position during the recoil stroke. As a 
result, the belt feed stroke must occur during the counter-recoil 
motion. Eelt feed ie the advencing of the entire belt (ox 
portion thereof) one pitch distance. The feeding of the belt 
ie the portion of the weapon cycle that requires the greatest 
amount of energy to perform efficiently. Paradoxically, the 
weapon has more energy in its recoil motion than in countet- 
recoil, therefore, evellabie energy for the Browning ox Mexim 
system ic limited. In the M60 machine gun, the belt feed occurs 
during recoil motion of the bolt. l i 


ር3 (D 
ja 


Revolver-type machine guns euch as the M61 end XMi34 have 
continuous motion feeJerg, as does the XM140, which is ideal in 
this respect: The Feed System Should Be Designed to Feed During. 
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Since the belt feed requires the greatest amount of work in 
the weapon cycle, this work should be distributed over the widest 
time frame, in order to reduce peak loads. 


In Chinn's "Machine Gun" Vol. IV, a wide variety of feed 
mechenisms 28 shown in an excellent array of sketches. However, 
study only those mechantems that were in én actual weapon. 

(See Appendix A.) Those designs designated as someone's "Patent" 
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should be disregarded, since feas 

designing a feed system, it is we to review these mechanisms , 
conveniently displeyed as to mechanism group, suc ch as lever type, 
.cam operated, sprocket type, etc. Note that, particularly with 
the lever type, the beit feeding is accomplished, in many designs 
during both recoil and councererecoil motions. A common form is 
a dual lever (scissorsetype) that provides 357 to 50% of the 

feed during recoil and 50% to 655 during counter-recoil, 
depending upon designa philosophy. 


ibility is not proven. Before 
i 


The lever form or cam shape that controls feed velocity should 
be designed to preduce a minimum belt velocity at all times. The 
ideal form of constant minimum velocity feeder is incorporated . 6 
the XM140, XM134 and M61; the feeder opereting during 1007 of the 
weapon cycle time. The resultant velocity diagram "e is 
constent velocity. This philos ophy is unique to the design 
of feed cams, and will result in minimizing belt surge, belt 
loads, and belt separation or breakzge. Minimum constant vel 
produces a more "even" pull on all of the rounds in the beit. 
Othez cam forms would produce higher 10548 on subsequent rounds 
in a belt. That is, during a feed stroke, not all rounds az 
at once, This varies from shot to shot and depends upon the 
condition of the belt in, and adjacent to, the feed tray. 
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Initial acceleration is not as high as supposed, because of the 
flexibility of the belt, feed levers, cen path becklash, etc. i 


The link should not be too stiff, then, in. order for the linked 
belt assembly to function somewhat ደይ a shock absorbing spring 
during any peek loading. The formula for belt load (max effect 
of acceleration) is given 851 


(1) 


TM 2 1/2 
Pata (u/2 + Wp E V 


— 
<-4 
፡ 


Total weight of belt 

Wee Weight of linked rounds being accelerated 
K 5 Spring rate of linked belt (1b./in.) 

V >= Maximum velocity of belt 

e + 32.16 


Note how the force, which is the feed mechani 
ineresses with Velocity squared, and with K, belt stiffness. 
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The formula is developed ^; follows: 


Consider the energy imparted to the ammunition belt; 


2 
(2) E - We ነና 


"m 


2g 


X, - dynamic deflection of belt 


X. = static deflection of belt 


Also: 

(8) E2KX, 212 e- KX 21% 
" S 

therefore: 


(4) Up V4 WX, - WX aK Ga 
28 


SO; 


5 2 Low ye. 25 | 
(5) Xgo X z WV, 2WK4 . 2WK, 


gk K K 
transposing; 
2 ] 2 
(6) E, = WK, 2 A + a,” * BUR. 
l K gK i K 


completing the square: 


በ 
K gK 


Taking the square root: ፡ 
(9) x,- Y 
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(7) x,^- 295, (ጻ ። uv? + ደል” 
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The load developed is simply the dynamic deflection 
the spring rate of the linked round, 


(ud) Prk, K 


d 


Oy 


- Y 
2K 


Therefore, combining the ebove two formulas: 


(12) Pz W+ Kalup ሞኛ” 148. 2 
q 


(28) = el) 
ይ“... We q W 
ፍሙ UE 
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This load should be considered in calculating the strength of 
every component (the feed mechenism) such as shear strength cf feed 
pawl pivot pin, compressive stress between roller and cam, etc. 


The pressure fequired to dent the cartridge case should also 
be considered, and may determine the required bearing area between 


feed pawl and case, 


P E 1 
COCR = os) e 
(3“ፊሮ) R 
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Link Design 


The link design is integ 
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(esp, casciess amma.) 


modulus of elasticity of carte 
ridge brass 
= wall thickness of case 


Poisson's ratio, = .28 


= case diameter at contact 


ted with the feedeystem, and links 


are generally classed as side-stripping, push-through, or pull-out, 
depending upon the type of motion used to seperate the round from 


the link, There is 


an Ex. 


ellent dieplay of link designs shown 


in Vol. IV of "Machine Gun" by G. Chinn, page 285. 


Links should have the following character: 


(1) Puli the certz 


Puli the 
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et the linked round center of gravity 


(2) Lock onto the cartridge, so as to prevent "walk-off" or 
a progressive vibrating off its position on the cartridge 
(axially) 


(3) Be tight enough to grip the cartridge so that durin 
belt pull forces, the round dees not loosen (radially) 


(4) Not be tight enough to prevent easy round stripping in feeding 
(5) Belt be flexible in a butt fan radius 

(6) 86 flexible in a nose fan radius 

(7) Be flexible in twist 

(8) Be able to fold in parallel layers in en emmo can, (front & 8698) 
(9) Must permit the layers to stack evenly. 


(10) Linked belt must not disintegrate when armorer handles 
belt outside of weapon and chuting (Infantry load) 


(11) Links must disintegrate upon ejection from weapon 
(12) Linked round must not have protrusions that cause belt 
Co snag in ammo can, chuting, feeder, weapon, or ejection 


chute 


(13) Links must be re-usable (for development test purposes) 
without significant change in characteristics upon re-use 


(a) stripping force 
(b) gripping force 


(14) Capable of long term storage without change in gripping force 
and without corroding, : 


(15) Cost should be low 
(16) Adaptable for either left or right hand feed 


The link, in pulling on the center of gravity, should have cartridge 
gripping sections that straddie the grip area, without being. loosened 
as belt pull increases, The gripping force between link and round 

is calculated by treating the gripper as a cantilever bean extending 
from a fixed end. Apply the formulae for Stress and deflecticn, 


e 


the deflection being the interference between cartridge and free link. 
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1 3EX 
I > moment of inertia of tab section 


This is a good approximation, with more detailed analysis given in 
Roark's "Stress amd Ger ain" on curved beams, 


Some links have been designed with sepirate "Cap" sections so 
that the belt pull forces do not tend to sc cread open the link. The 
cap is stripped off the link during entry inte the feeder, 


The M75 weapon utilizas en extremejw Jiehtweight link in 
relation to the cartridge size because the link de e closed loop 
encircling the cartridge. In this wey, belt loads tighten the 
grip between link end round, rather then loosen it, 


The linked belt pitch distance should be zs gmall es Possible 
for maximum efficiency in feeding, yet be lon ng enovgh to permit 
parallel stacking of rows. (particularly at the row enda) A short 
pitch distance means a short stroke of the feed system fleverz, 
cams, etc.) and reduces the ip profile. For links that pivot 
cn a eucceeding c cartridge, the pitch distance is Hn org mas 1. 
times the cartridge body dla ^ while for liske trat pivot in the hooks 
between rounds, the pitch distance is approximately 1.4 to 1.45 tines 
the cartridge body dismeter, % - 


Linkless heliczi.drum type feeders are alao employed in some 
weapons guch as the Lewis on ው gun (r&difally stacked drum) and 
Thompson subemechine gun. (axtelly stacked drum). Large capacity 
linkleses fesdárums ere algo used (M61 end XMi24) which control several 
thousends of rounds with a conveyor eystem.. This item ig a epecial- 
ized subject of its own, | 


A recent problem hes avalved in which eioctzic primed ammunition 
becomes overeseneitive in the presence of electronic equipment over 
6 period of time. To prevent the primer from forming en induced 
electroemagnetic field, e tak of the link is incer Ypor&ted as an 
integral shield. i 
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The magazine unfortunately was conceived es a cheap, throweaway, 
id t 


oneetime-use item, ecd, accordingly is cons 2d c£ rather light 
gauge sheet metal, which ls subject te dàmage in rough handling. 
Unfortunate, because the magasine lip i» one of the most critical 
surfaces in the entira rifle. ttempts rave been made to incorporate 
a fixed nachiuediip as an irtegral pert of the receiver in order 

to Giiminate this weak point in the systém, 


The magazine should be as high as possible into the receiver, 
commensurate with bolt. configuration, in MEME to optimize cartridge 
ramping. The magazine feed lips should wrap around the to >p cartridge 
ce as to prevent cartridge pop-out in handling. This is usue liy 
an angle of 70" to 75° as depicted in the following sketch, 
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The magazine lip length "fn should be long enough to contain the 
cartridge center of gravity, yet short. enough so thet the following 
certridge y or follcwer, can give the base an upward moment upon 
cartridge release, preventing jamming between bolt face and rampo 
area, 


The inside magazine width, "W" for & double stack, should be 
approximately equal to the cartridge diameter plus cosire 30 times 
cartridge diameter. If the width is greater than this circle contact, 
then greater forces are transmitted to the magazine side wall, 
causing hard feeding and subsequent binding If the width is 
shorter, the magazine depth becomes unneces arily longer. 
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Ihe magazine side walle should have longitudinal ribs "r" as 
a cartridge bearing surface to permit easier feeding. Sand, grit, 
and other matter will then collect harmlessly in ses “waite ራይ መክ 
the riba. Secondly, the ribs reinforce the sheet metal wall, greatly 
increasing its section modulus ageinet deflection, 


‘Inside length "L" should 2 114. 
impact of the bullet tip during sutcmatic fire. 
] 


In summery, when designing a magazine, first study ether successfu 
magazines in detail, in erder that all required cbarecteristics | 
PIS spring design will be dfiscuszed in the 


are incorporated. Maga: 
chapter on "Spring Desi 


Magazine depth must be carefully controlled. This should not 
be so from an engineering viewpoint, but for practical resscng is 
necessary. For example, in a 20 round magazine, if the user can 
squeeze in e twenty-firet round, he will do so. ‘Then, when thie is 


inserted in the rifle it may cause hard stripping, or, in bearing 
tightly against the bo olt, may cause & short recoil, or may spread 
the magazine sidewalls, deforming it enough to cause subsequent 
jams. The accumulated tolerances of max/min cartridges plus magazine 
tube tolerances are involved. 


The magazine follower and spring $ usually designed so that 
the load is concentrated approx. 35% of "L" from the cartridge base 
This is to prevent cartridge base drop during surging of the atack. 
Also, it helps in lifting the full stack properly, since the bottom 
cartridge will be inclined approx 15° due to body taper accumulation. 
For a thirty round magazine, the accumulated incline is 50 high that 
the magazine body usually is curved to compensate fur this inzlinstion, 
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Ammunition Storage and Roosters 
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Weapon systems on po ata usually have such a large ammunition 
supply, or such a long, torturous path from ammunition can to weapon, 
that the weapon feed mechanism cannot pull the losd without. reducing. 
firing rate or causing excosaive wear of cem surfaces and components. 
For this reason, boosters are used; that de, auxiliar ry feed adi (cee 
usually in the form of a motor driven sprocket. 


The main problem is in correlating booster delivery with weapon 
=y of fire. This is not sinple, ince weapon rate of fixe is 
ot constant, hence a sensing device must be incorporeted that wiil 


em 


onem the Woo 8562 speed and delivery. 

A. One method le to ላሙ a mechenicai piteh sensor. When 
ammunition ፲ይ bunched up between booster and gun » the belt pitch will 
shorten and a mechanical iet ይይ stop the booster. ልፎ emmunition 
is used, the belt will stretch out end inereuse pitch, ይወ that the 
sensor dwitches the booster cn. p* response has to be quick, 
because as the pitch is pir a na weapon is firings the slow 
inertia of the bosster motor and drive may not eupply the next 
round that the gun demands. Consequently, belt pull will be high. 


sproach as shove, but bared upon belt catenery. 
oon » a length of belting causing a switch to close, 
a c $ 


C. A dual speed booster, where the sensor switch does not shut 
off the booster, but switches in a resistor thet siows the booster 
slightly. Here response time is quick, because the booster does 
not have to build up speed from a zero start. 


D. Time delay may be a critical factor, as in intermittent 
fire, when firing stops, the booster has sufficient inertia to 
feed a frection of a round morc. A few spasmodic bursts wiil 
soon "overfill" the feed tray causing a gun.jam. A short-time 
delay control ie incorporated in the booster circuit on situetione 
of this type in order to clear the pile-up. 


E. A round counter —i! on the feeder that puises a feed: 
station on the booster sprocket. 


Spring Design 


In designing a spring, usually a helical compression spring, 
for some part of a weapon mechanism, it usually happens that only 
a minimum of space is left for the spring; that is, if the spring , 
is not carefully designed, it will be vulnerable being over- 
stressed in service. i 


Firstly, the mechanical requirements of each component, then: 
the strength and durability levels must be satisfied. Secondly, the 
load requirements of the spring are specified, and, finally, the 
amount of spring stroke is determined. For the reason that the stress 
levels of weapon mechaniam springs are high, the material to be used 
$s music. wire, which has elastic limit strese values of 150,000 to 
180,000, depending upon the wire diameter. The smaller the wire : 

size, the greater. the permissible yield stress Springs subjected 

to high temperature levels are usually stainless steel, such as. 
"Elgiloy". Common spring steels are ‘reliable when ‘euneered up to 
80,000 psi at temperatures of 350 OF - 400°F. or less. 


The use of square, rectangular, or other than round, wire shapes 
should be evoided for several reasons. Firstly, the € is not 
readily available to most Vendors, therefore the cost will be higher. 
Secondly, these special shapes are not produced in tonnage, as compared 
with round wire, hence heave not had the refining deve Varas which has 
been given to round wire, The resultant yield strength is not equel 
to that of good grades of round wire. 


In specifying spring wire, a number of standard gc ug? series 
are commonly used, therefore, in order to avoid error, the wir 
size should be specified in decimals. 


The starting point fcr designing £ coll spring 35 to determine 
the outside wize diameter permissible, commensurate with available 
space, and the minimum operating height of the coi 11. ‘Then, calcu- 


late the lozd and stress levels of ይ sample coil thar will have 
D/d ratio of 6.5 to one, i 8 number of colle that permit o 
to 5 thousandths inch between colis. "D" is the meen co ait. dia 
while "g" le the wire size. “Wap comprescion of a coil spring is 
technically, not "compreseion", but "torsión", That is, 55 coil of 
vire is being subjected to ይ. torelonal, or Cwieting, force. As the 


ratio» of D/d decreases, en edditional Slds etvess acts, and this 
becomes dis-proportionally higher, as the coil becomss tighter. A 
D/d ratio of 6.5 le quite satiafactory, but this may Be adiusted 
between 5.5 end 7.5, depending upon lead desired end resulting 
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stress. In no case should the /d ratio be lower then 4. -— component 
of additional sheer etress due to curvature is known as the "Wahi" 
factor, and is well covered in any stenderd work on spring de iss. 


‘Typical values of "X", the Wahl factor, 
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The calculated epring etress is multiplied ኩሃ "R'. However, 
in gun design, & spring does not cycle for hundreds of thousends 
of cycles, therefore, the level of fatigue dees not approach that 
of other fields, such us valve, automotiva, etc. Therefore the 
factor "R" is more realistic, pilas midway between 1.0 and "RK", 


The baste formula for atress in torsion for — wire ia: 
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in which M = torslonal moment z ፻52፲23 
2 
ር - d/2 / 
1 = polar moment of inertia Td. 
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However, this statio stress 38 not e positive indicator of t 
dynamic performente of ti suing. Impact loading can cause a muet 
higher set in springs than solid height stress. ል testing machine 
: 4 
ግ i 


with the seme deformetion veloc^ty ፲8 required. 


The other principal spring design formulas is that fer rete of 
deflection, or spring rate 


G 5 torsional modulus of rigidity, of steel wire, or 11.5 X 109 


Note that the Load/Stress formula dees not contain a factor for 
number of coils. This is because the colis are in series and the 
load reauixed to defiect one-coil to solid height is the same required 
to deflect the entire spring to solid height. 


In designing a spring, the formulae for stress and rate are 
worked together. For example, if a lower rate spring is desired, 
either "d" is decreased or "D" is increased. This, in' turn, reduces 
the peak load for a given stress, each to a varying degree, Use 
or a commercial "slide rule" type of spring caiculator permite rapid 
trials of various combinations. 


The spring rate should be as low as reasonably attainable. 
One reason is that stress and stress range govern the life of springs. 
The wider the stress vange, the quicker the spring will fatigue. | 
Comparatively high stresses cen be used where the working range is 
short, and reducing the spring rate accomplishes this. Spring rete 
is reduced by maximizing the number of coils. This, in addition, 
reduces the deflection range of coils during spring surge. That 
is the free distance that individual coils of wire can deflect. For 
this reason, the spacing between coils, at minimum operating height, 
is .004 inch,-and mey even be reduced to .002 inch.. 


The factor "N" is the active number cf coils. That is, springs 
with squared, or equered and ground ends have one inactive coil on 
each end, | 


Springs are generally wound right hand, but when one spring is 
inside another, they are wound opposite hend, in order to prevent 
Glaéhing, or pinching, of coils. E ; 


As & spring ia compressed, the outside diameter increases, due 
to the closing of the coils. The formula for caluleting diameter 


increase ise 
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D +. mean día. 

D = mean dís,, solid height 
pls pitch at free length 

d s wire dia. 


The eprang natural frequency should also be checked, and should 
e € 


tura 
be et lesst 11 to 13 times bigher than the weapon rate. ፲፻ not, th 


spring will surge and the stresses greatly aug 


emented. 
cen be absorbed by having a few closed coils built-in. 


One general formula for determining spring frequency, n, is: 
* 826,500 d/ND* cycles/min. | 


[1 
The surge weve of a spring, when loaded, requires a specific 
time to travel from one end to another. Velocity le constant for a 
particular spring and does not depend on the load or velocity of 
.the load. However the magnitude of the wave is affected by the 


velocity at which it is struck. 


The surge wave of a spring, when loeded, requires a specific 
time to travel from one end to another. Velocity is constant for 4 
particular spring and does not depend on the load or velocity of 
the load. However the magnitude of the wave is effected by the 
velocity at which it is struck. 


The equation for the surge-wave velocity "C" in ይ compression 
spring ís: 


Cs ቧ ¡Qi (in./sec.) 
D ረ 

ds wire día. 

mean Coil PS 164 

28 65 Y ሠ 

,283 1ከ ,/2ኪ2 


¿as 
G 2፻ 3 yo 


thus C 
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88,600 (d/D) in./sec. 


the surge time T: 


ን ው 
or T TT SECS « 
27,900 d 


When ihe ratio of the load vs. the spring weight is reduced to 
4/1, then the spring weight begins to affect the calculation for 
energy stored in the spring. The load is then modified by adding 
1/3 the weight of the spring. 


The limiting factor in the velocity that & spring can drive 
component is not the energy stored, but the rate at which this 
an propagate down the turns of the spring. This velocity is 
related to speed of sound in the spring material and is limited 
by the allowable stress in the material, 
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This is about 115 ft/sec 


At times, the behavior of some springs cannot be predicted, but 
can be observed by using a stroboscope. 


Of course, proper heat treatment is necessary, and modern equip- 
ment in most facilities assures this, but if springs are over-heated 
grain structure will be coarse and the fatigue life poor. One simple 
method of determining proper spring design and heat treatment ig 
to close a spring to solid height three times and measure the free 
length. Any "set", o om permanent deformation, should then be apparent. 


Compression springs must be guided, either by means of a rod 
inside the coil, or the coil inside a hole, if the free spring length 
is 4 or more times greater then the mean coil diameter. Otherwise. 
buckling would be likely to occur. 


When dual (inner and outer) springs are used, one spring is 
wound right-handed while the other is wound i6ft-handed. ag mentioned 
previously, but the outer spring should be designed to carry approx. 
2/3 the load, the inner 1/3. 


When designing odd shape compression Springs, such as ደ magazine 
tube spring, two methods may be used, The first, is to take each 
segment of a single coil end treat that as a cantilever beem with 
a flexible support, end summing the load and deflections for the 
four segments (of a rectengular coil) of the single helix. The load 
will be the seme for the total spring, with the rate varying inversely 
as the number of coils. This method is tedious, but a simpler method 
is to add the total circumference of one coil of wire and convert 
that to a round. coil of the same circumference. Use the same wire 
dia., number of coils, etc, and solve for loads and ceu . This 
result will be within 5 - 107 of actual loads and stresse 


In designing extens Zon 1 springs, the factors are the same as 
in the design of compression springs except. that extension springs 
can be wound tightly with an initial tension between the coils so 
that a load must be applied to separate them. 


The types of ends vary widely, depending upon loop, hook, or 
end desired. 
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ly found ox weapon mechanisms, 
5 the send coil is furred to 


Extension springs are not usual 
because the stress concentration whe 
form the loop, or hook, is vulnersbl 
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very practical reason, when an extension spri led and/or 
disassembled, there is no positive stop as there is in compression 

springs (86142 height) and thus an extension spring can be very 
easily over stressed in handling. 

A special ሜን of 2 compression spring is: 2 eoecalled "garter 

spring" in which a —— ውሸ spring ie assembled into the form 
of a ring. This wes done in a rifle grenade launcher where the 

spring acted to retain rad grenade. But after it wee set ' into: pesi cion, 
twist buckled all the spring coils so that they locked the eut ምክ 

tube to the muzzle device, This caused a serious eccident, which 
pointed cut how dengerous that type of spring could be in practice, 
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Torsion oprings 
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A torsion spring can also be quite useful in weapon mechanisms, 
being a coil of wire subiected to torque, that is a wind-up of the 
woil,.as in a common "ret-trap" spring. The ends mey be configured 
in a variety of styles, and thisis usuzily useful in reaching out 
to remote distances to perform load, or retaining, functions. ' 


It is most useful in roteting components, or to cushion shock 
on ROREM partes. 


A torsion spring should always be actuated in & direction that. 
would tend to "wind up" the coll, oz reducing E diameter of the coil. 
Otherwise, the end colle would tend to bend outward, carrying all 
the load. Also bear in nga thet when a torsion ‘spe oe is leaded, 
its coil length increases, ag one full turn makes the coil one wire 
diameter longer. Allow Mi ence for this increase in length or the 
coil will bind or bteek. The spring leg will also shcrten, and if 
not contained, will snap free. 


There is almost no limit to the ዝው configurations of a 
torsion spring, but beer in mind that designing shapes beyond those 
commoniy tooled increases cost astrone "e, "ሞኒ 


ing should include the 
as the mechanical iti 
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Tre specifications for a tore 
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ling. 32 ኣመ ዘ Y the spring 


load as a torque in 
including right or left he 
be reversible in assembly. 
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Two formulae required to develop a torsion spring are as follows: 
(1) Equation for deflection (round wire): 
PR 
10.8 D N 


t? 


Torque (in.-1b.) 

Number of coils of wire 

Number ot turns spring is torqued 
29 2 3M 

Mean diameter of coil 
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(2) Equation for stress:. 458. በ228 : 
S 2 32M 
vids 
M = Torque (inch - Ib.) 
d - wire size 


As in coil springs the ratio of D/d must also be considered, 
since the stress for a straight beam must be modified for the curva- 
ture of the coil. For torsion springs, the stress correction factor 
(K) increases sharply as the D/d ratio is reduced below 2.5 to 3.0. 


In general, the lower the maximum stress, and the shorter the 
range of stress between initial and final working positions, the 
longer the service life. 


At. times,.limitations in space prohibit the use of co 
and a flet "strip" type of spring may be utilized, Flat spri 

have the added advantage of being eble to perform a combination of 
functions. 


Special blanking and forming tools are used to produce this 
item, and a number of specialty vendors are able to produce these 
quite economically. 


Straight. carbon steels are used in these springs, with .70 = .807 
carbon lending itself better to sharp bends, while the .90 - 1,057 
carbon exhibiting higher elastic limits. In some cases alloy steels 
are also used. Sharp inside corners should be avoided at all times, 
with holes punched at the ends of slits. 


The controlliíne factor on the loads ef small flat sprinces is 
ፍጋ ፌጋ 


the thickness of the material, as the deflection formula shows the 
loéd.to be a function of the thickness of the material cubed, 
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Calculations of flat springs are similar to those of beams, and 
the comparable form should be selected, such as cantilever with 
fixed end, free end, etc., or beam with distributed lodd, or concen- 


trated lada, etc. 


For exemple, consider a cantilever beam 41. at. one end 
with a concentrated load at the other. 


The formulae For stress and deflection sre worked together, 
such as: 


thickness 
width 


፡ 05 


deflecticn s a z ፅጅ፲ 
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Of course,stress raisers, such es holas and sharp inside 
corners, must be minimized, particularly where the bese of the spring 
(max. stress) is bending. | 


Bends in the spring also affect stress, generally according 
to the following table; 


Inside radius of bend Stress factors "k" 
.o X metal thichness - 2.0 
Ti " " 1.66 

4 80] LE ti am. 

1,2] Dl a 1.4 

1) x K ሀሬ 

2.0 ji ^ P025 

3.40 à e ly. 16 

4,0 * S 1.12 


Theoretically, the shape of a flat spring can be modified to improve 
its efficlency, such as the uniformly stressed spring end the built 
up (leaf) epring, but this advantage is offset by production costs, 
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Belleville Springs | 


This form of wesher=type spring is quite common in gun mechanisme, 
particularly buffers, and have the advantage of being quite compact, 
the range of motion being quite short. 


A series of empirical curves are used to calculate tbis type of 
spring, and may be found in most up-to-date spring design manuals 
(Associated Spring Handbook). Otherwise, one would have a መበ 
with 4 variables, resulting in extensive work. 


A typical solution of a Belleville Spring configuration is as 
follows: 


PRs: o "uem = BY eH 
(1 =g «) Ma^ ' 2 
P 2 load 
E s 30 X 105 
f = deflection s .004 
^ 2 Poisson's ratio e .3 
ከ = free height minus thickness s .005 
t = thickness z .084 
AO A 
Tp » 380 


a WZ DD... «865 
M s Constant taken from chart relating Q.D./I.D, ratio to 
stress constants Cy and “3 l 
js 1.21 
& 1.35 
2.9875 
AA i = 867 15, 
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Likewise, the strese equation is: 
Sa) Ef Cy ር% = £/2) + E 1 
(3-42) Mal 2 
á 5 = 172,000 psi 


The spring rate of BEARS ville springs is controlled by specifying 
the mee _of stacking and the number of elements. 


Believille epring packages are usually used as buffers, to 
absorb shock, or to take up slack, some ewhat as a Spring rw ON In 
a commercial application, Belleville type springs are used as pressure 
disks for power brakes, so the range of application is wide. 


As may be expected the thickness of the plate greatly affects 
the lead characteristics, also the ratio of h/t; that is, the free 


height vs. the thickness. This ratio affects the load deflection 
curve, aud for certsincurves, the springs have a near zero rate 
for ይ portion of their travel. Thus, changes T assembled bei 
(tolerances, wear, etc.,) would not change the load. 


Ring Springs 


Ring T have also been used PPS in ordnance, 
particularly as barrel buffer springs for short-recoil operated 
weapons, Ring springs consist of a series of inner and outer 
elements that utilize friction as the means of absorbing load. 
In compression, the outer elements expand while the inner elem 
contract, with high fricticnal loads beering on the mating sur 


— a high load capacity for their 


Ring springs inherently 
size and weight and can absorb shock with low recoil. 


nte act as inclined plenes through the angle 


The epring ele 
€, The force F is dius Gistributed throughout the circumference 
of the ring. The resultent foree acting on the wedging surface of 
each sector can be divided into two components, one normal to the 


O 
Fn and the óther tangential (friction) equal to Fn times 
o of friction) 


Charts of ring spring compression constants and recoil constants 
in terms of taper angles and various coe£ficienta ot friction 8 
(ueually fren (.10 to .18) have been prepared and include taper 
angles of from 10° to 30°, 


8 
a: 


The axizl load is less útrin 
of course, but the radial losds 
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Some recommended proportions for ring spring packages ere: 


(1) . The compressed height should be at least 4 times the 
deflection, 


(2) The ring height should be 15 to 20% of the ovtside diameter. 
(3) The outside diameter should be as large as space permits. 


(4) ` Normal ring taper is approximately 14° (0) 

(5) Allowable stresses are usually 160,000 psi for steel not 
machines after hest treatment and 200,000 psi for those 
machined after heat treatment. The "TUM spring can continue 
to function even though several of the rings are broken. 


The lowest capacity commercial ring spring is in the order 
of 2 tons. 


Another variation of the ring spring is the split ring spring 
in which each ring is slit on one side. The spring rate is 
greatly decreased, while the frictional ection is retained. The 
contour.of the spring is mocified, so that the ring thickness is 
maximum 180° from the elit end tapers toward each side. The spring 
package is then arra inged with alternating siit and thick sides. 


Strended Wire Springa 


When an axial load is applied at the ends of a stranded helical 
spring, the material forming the helix is subject to a twisting moment, 
In this respect the stranded spring is not essentially ዓሣ” than 
a conventional spring (helice1) made from a single homogeneous wire 
element. The outstanding characteristic of the stranded መጠት an 
inherent tendency for the damping of high-veiocity displacement 
coils, a cheracteristic not shered with the ee spring. The 
damping in the etranded spring is doe to a binding action existing 
between the twisted wires in consequence of the twisting moment acting 
on the strand. 


In the stranded spring it is essential that the helix of tbe strand 
be opposite in direction to that of the coiis of the spring. An epplie 
load causes a twisting momert which tends to cause a wind-up of each 
helically formed wire. The wires of the strand ere in contact with 

eince there can be no 


each other even in the umloaced state; and 
appreciable wind-up, binding between the wires results. However, if 
both the strand and the 56413 cf the spring have the same turn of 
helix, the twisting moment tenés to unwind the strand, in which 

case the binding ection is lost end the spring deflects as though 

it had a subnormal valus of shear modulus. 


For the purpose of load-defiecticn computations the stranded 
wire spring may be resolved into 25 many partial springs acting in 


parallel as there are wires in the strand 
may then be determined by the following formu 


Kn cat 
895. 
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a factor s 1.05 for 3 wire strands 
number of wires in the strand 
shear modulus = 11,500,000 
diameter of wiré in the strand 
pitch diameter of spring coils 
number of ective coils 
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‘Stranded springs usually have one coil closed at ends but the ends 
cannot be closed as effectively as they cen in-conventional springs. 
For such unground end construction the number of active coils "N" can 
be estimated as the total number of coils less 1.2. 


An accurate computation of the numerical value of the sheer stress 
in the stranded spring is a complicated affair. However, if the spring 
is resolved into partial springs acting in parallel, as is assumed for 
loadedeflection computations, an average value of the shear strees "S" 
may be obtained for each partial spring from the following formula: 

i Af. c 
DN - 


e shear modulus 

z diameter of wire in the T 
deflecticn of the spring 

= pitch diameter of spring coils 
= number of &ctive coils 
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For a given application in which the thw coils have a high 
velocity of displacement, springs which have relatively low values 
of statically computed stress at solid compr 525206 fail earlier then 
springs in which the stress at solid compression is reletively high. 
The performance of the gun driving springs apparently cannot be 
predicted by stress compu ጥሞ tions based on static assumptions. Driving 
springs should be designed to have the lowest Li 


uv E 


possible mass. 


Neglecting the effect of a difference in end coil construction and 
in the number of fnective coils, a 3-wire stranded spring, having wire 
diameters which are 68% of the diameter of the wire in a given 
conventional spring, will have substantially the same rate, pitch 
dia ይ. መወ solid beight and average computed stress es the conventicnal 
spring. Maximum fatigue life will result, when 3-wire strands are 
used, t aie strand being so proportioned that the ratio of the length 

he strand axis in which a single wire maxes cne turn, to the 


+ 
Las 
along the st 
strand diameter is between 5,0 and 5.5. 
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me have a longer fatigue life then conventional round 
but the results were very much inferior to those 
. Four or more wires are not stable unless a center 


Two wire stran 
wire helical springs 
of 3-strand spring 
wire is uged. 


The diameter which circumseribes the three round wires woven into 
a strand (and in contact with each other), will be 2.155 times the wire 
diameter; assuming the wires to lay on the corners of an isosceles tri- 
angle. Three wire strands having a ratio of twist in the strand to the 
strand diameter of 5. and 5.5, it is EA that the strand dizmeter is 
very close te 2.18 times the wire diameter. 


For either a conventional single-wire spring or a st prandied Spring 
in which the pitch angle of the coils is not substantially in excess 
of 10. degrees, a fair approximation of the time in milliseconds for 
the wave to travel from one end of the spring to the other can be 
obtained from the following formula: 


T = ,0354 DEN 
በ1 
D a pitch diameter cf RM coils 
N = number of active coils 
d = diameter of wire 


As the wave of dis placement passes thru the coils of the Spring 
immediately after firing, each element of the spring &cquires the ves 


locity of the free end upon the arrival of the wave at the element. 
The elements then tend to move ac the acquired velocity until che 


motion is affected by the reflection of the wave from the fixed end 
of the spring. The initial reflection of the wave at the fixed end 
of the spring and the subseguent reflection from the free end are 
the causes of the extremely high dynamic stresses imparted to the 
spring. 


According to transient weve theory the change of stress of an 
element of a spring varies directly as the change of velocity of the 
element. The demping effects of stranded springs become more 
effective as the veloci MES is increased. Strended springs have little 
dampin ee a at iow velocities of displacement, end hence, compare 


most favorebly with conventional springs when the dis widana velocity 
is MN. 

It is believed thet the greater damping action of stranded 
springs is effective in absorbing energy so that the reflected wave 
in a stranded spring has much lover energy content then the wave in 
a conventional spring. The subsetential decrease in the energy content 
of the reflected waves decreases the dynamic displacement of the coils 


ፎ e 
of the spring, proportionately reducing the stress in the spring. 


The stress range is ይ more feel factor in the fat. 
of springs than the stress level, or tbe mean stress in the 
cycle, 


Music wire is currently the most satisfectory stranded spring mater 
The fatigue life of pretempered chrome-silicon wire wes distinctly in- 
ferior to that of music wire. The relatively low yieid point of music 
wire enables it to yield end adjust itself to tbe straine incident to 
the stranding and ceiling operations in making a stranded eoring. 


So long es the ratio of the pitch diameter e» the coils to the 
nmt & 


diameter of the wires in the strand is not subst: 2ntielly Lier than 
approx. (13.) thirteen, stranded da nes can be eret Q automatically 


on standard spring coiling equipmen 


As in the case of contentional music vue Springs, it is 
essential that the stranded springs be stress relieved after 
heated to approx. 450°F for a minimum of 30 ናመ ፲፪ 16 a 
essential to coll the stranded springs somewhat longer then finished 
length, and to remove the excess length of pressing the springs 
from free to solid height a sufficient number of times to as sure 
that subsequent compression to solid will produce no further 
reduction in spring length. ‘This pressing operation produces a 
beneficial residual Stress pattern across the wire section in 
ርከፀ unloaded spring; and es the operation promotes a minimum of 

set during the subsequent operation of the springs, it ia just 
as vital where stranded springs are concerned as it is for 
conventional single wire springs, | 
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The wave motion of the coils of a “ቁ epring generates atresses 
which may exceed the stresses preduced by stetic compression to solid 
height. If so, the spring will take edi Mona set during the 
firing, especially during the first few rounds, 


Shot peening increases the life of conventional single wire 8” ሚክ 
by up to 60%. Shot peening is not effective in increas sing the fatis 
life of stranded drive springs. 


Ihe Neg'atoz Spring 


This is a flat strip of coiled mstal that hes a nearly conetant 
force level, at times even decreasing in force with deflectic in, & 
rima force hed previously been achieved pti Len weights or 


፥ኀ 


intricate cam or lever systems, Neg'ator is a trade nem: pgetented 
by the Hunter Spring Co. of Lanadale, Pa. that ee thia item, 


Principal features of this spring are: 
l. Fiat. force >= deflection curves 


2. Extremaly long deflections, or extension ns, up to 50 times 
the length of the original spring 


The important consideration in attaching % bayemet to the muzzic 
the effect upon accuracy, as well es strength, Acouvacy firings with 
and without & bayonet attached show a definite change in the center 6 
impact, due to the eccentric mass. Close fits ste of edded importane 
The beyonet.leétch ehould be concealed, so that it cennot be inadvertarn 

theogld be adequzte to Sust 


ly relsased when sparring. arrel strength 
severe thrust end chop loads via the bayonet, 


While on the eubject of muzzle £u 
length will be followed by muzzie devices 
flesh hidere, silencers, end of most i 


Barrel Length | 


The longer the barrel is in propor tion to the bullet $ 
the 13625 powder will burn at the muszic. The .256mu Jap ri 
31.4 inch barrel offers hitb no flash and little emok 
powder burning is essentially completed before the bullet reach 
the muzzle. Tests co ey ud of ይ 36 inch cai1,.30 barrel (M2 ba 
emmunition) shew absolutely no flash and little emake. Of course, 

a hot gun increases flesh, and not even a 40 Inch berrel was affective 


in Vives ጣሌ፡ flash, when firing long bursts, 
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Berrel ee áo bon rag de D» 
milicery models, E 
used in standard 
handgune vary wi 
Target models re 
gica, and conce2l m 
nificently effec 86) 2 6 lech cal 
velocity than e € inch 1 


ely among commercial as well es 
xm to an original barrel length 
. በ፪ course, barrel length in 

to the intended use of the gun. 
', police models require 
stneas. Velocities are not sige 
8 barrel being 3 to 5% higher in 
ጋሬ higher than a 2" barrel. ` 


For rifles 


5, ነ T h t 
and can be overshadowed by other variables, such as tolerance in 1 
end groove, powder temperature, powder mesgure, etc. The only reldabl 
tin of measuring eifant of brel length on muzzle velocity 
ls to take one barrel, and using carefully meseured loads oz the 
seme lot of emmunition, measure the velocity of ይ sample (at least 
32 rounds) then cut the barrel off en inch (for example) at ይ time. 
This deta should also confirm the interior bellisttes theories formue 
lated for that cartridge. 
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Music wire is currently the mest satisfactory stranded spring 
The fatigue life of pretempered chrcme-zilicon wire was distinctly in- 
ferior to that of music wire, The relativ vely iow yield point of music 
wire enables it to yield end adjust itself to tbe Strains incident t» 
the stranding and coiling operations in making a stranded enring, 

So long es the ratio of the pitch diameter of the coils to the 
diameter of the wires in the strand is not Substantially smaller thar 
approx, (13.) thirteen, stranded, springs can be coiled. automatically 


on standard spring coiling equipment. 


As in the case of contentional music wire Springs, it is 
essential that the stranded springs ke stress relieved after coilinge 
heated to approx. 450°F for a minimum cf 30 mirutes. It i5 also 


essential] to coil the stranded springs somewhat longer then finished 


length, and to remove the excess length of pressing the springs 
from free to solid ቀፍ a sufficient number of times to assure 


that subsequent compression to solid will produce no ta aibi 
reduction in spring etm ‘This pressing operati 
beneficial residual Stress pattern across the wire s 
the’ unloaded spring; and ez the operation promotes a mí 
set during the subsequent operation of the Springs, i 
as vital where stranded eprings are concerned as it is 
conventional single wire springs, l 


The wave motion of the coils of a driving &pring generates stresseg 
which may exceed the stresses produced by static compression to solid 
height. If so, the spring will teke additions set during the gun 
firing, especially during the first fey rounds, 


Shot peening increases the life of conventional single wire spring 
by up to 60%. Shot peening is not effective in rar the fica 
life of stranded drive springs. | 


Ihe Neg'atoz Spring 


This is a flat strip of coiled mstal that has a nearly constant 
force level, at times even decreasing in force with deflecti 

constant force hed previously been achieved with cead weights o: 
intricate cam or lever NM PP nes EE is a trade nem: i 


by the Hunter Spring Co. of Le dale, Pa. that febricates 
Principal features of this Spring ares 
l. Flat. force - deflection curves 


‘Ly long deflectione, or extensions, up to 50 tines 
length of the original soring 


i. 


2 LE ፦ == 5 b ኔሃ i D 1 x - r መሬ em 
3. Ability to ace vittnat lassas around norner: 


4. High initial ferge 
5. Ability to score and deliver twice a 
coil spring of the seme initial volume. 


The flat strip of metel is prestressed so that 
strong “መና curvature, and force must be exerted 
The spring. gradient may be varied by the amount of p 
to each section. 


je id E 2 
Li 


+, 
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The variables that affect spring force are: 
l. Modulus of elesticity 

d Thicknes ss of strip méterial 

3. Width of strip meterizl 

4, Natural radius of curvature 


This type of spring wes tried as a magezine follower spring, . 
for Li ተባ and as a drive እ ስ m ne 1148 snd T1468El semi- i 
v^ a 


Muzzle Devices 


In ie firing of ይ typical smail arms certridge, up to 42% of the 
potential — of the propellant is exhausted at the muzzle. The 
topic of this subject will be om methods and devices utilized to either 
take advantage of this energy or to control 


፦ 
c 
e. 


iB front sights, bipols 


Items of mechanical hardwere, such a , bayonets 
grenade launchers, eto. ee vwoxstine in nature end need not be covered 
in detail. Grenade launchers are usually powered by blank cartridges, 
end the grenade weight csuses the gas pressure level in the bore to be 


p Bu 
maintained at a higher level Sor ይ much longer period of time, therefore 
for gas operated automatic weapons, the power delivered to the operzatir 
rod is gubatensially higher. Ya the M14 rifle this is controlied hy 
closure valve that blocks theo ges orifice when pue ere to ba p 


Rar, for firing 51588 cartridges (without launching grenad 
or other missiles) the bore pressure is exhausted all toc quickly to po 
the automatice Mte, eo à "plenk firing attachment" 4a added to the 
muzzle. 11 = 8 simplest form, this is a muzsle cap with an arifice tha 
restricts the outflow of gases, Blank firing ettechments are usually 
colored bri e red with a flag section visible along the sight line for 

t r4 
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Â€ 
y purposes. It must be removed when firing bell somunit 
om will be sovérely damaged. 
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The importsnt consideration in attaching « 
the effect upon accuracy, es well es strength, 
and without ይ bayonet attached show a definite 
impact, due to the eccentric mess, Close fits 
The bayonet latch should be concealed, so that 
ly réleased when sparring. Barrel strength cho 
severe thrust and chop 152595 via the bayonet., 

While on the eubject of muzzle amd barrel, 
length will be “የሚመቱ by muzzle devices, such 
flash hidere, silencer asi of most interest, 


Barrel Length | 


The longer the barrel is in proportion to 
the lezes powder will burn at the muzzle. The 
31.4 inch barrel ሠረ practice 453 no flash en 
powder burning is entially completed before 
the muzzle. Tests ው” 36:51. of a 36 inch cali. 
and little 
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&mmun N show absolutely no flash 

! E 
a hot gun ineresses flesh, end not even a 40 irn 
in e Lindndelds flash, when firing long bursts. 
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Berrei lengths do not very widely among commercial as well es 
፲ርቷ ፲ 2 ርኗ=ሃ palatine Thryusually conform to an original bastet length 


maya [n stenderdiging the cartridge. Of course, 
handgune very widely, end this is due to the in 
Target models require.a long sight M, pols 
lightneas, and 5655551538 vespons shortness. Ve 
nificantly effected, s ይ inch dal. ,38 ጠር) bez 
velocity then a € inch barrel, end 107 ዓላ 


For rifles, the loss in velocity (for seve 
and cen be overshadewed by other verisbles, sue 
end groove, powder temperature, powder meagure, 
method of measuring effact of barrel length cn 
is to take one bMS, end using carefully ress 
seme lot of ammunition, measure tke velocity of 
32 rounds) then cut.the brerel off en inch (for 
This al is ከ89)! les confirm the interior bell 
lated for that cartridge. 

A typical table of muzz ሟር velocities verso 
ጾ iven as follows o 
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barrel length in 
tended use of the gun. 
ice models require 
locíties sre rot 
ing 3 to 5% higher 
5 2" barrel, 
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Barrel Length .270 Win. 150 gr. ¿30-06 160 gr. ¿300 Sawage 150 52. 


24 2800 2700 2670 
23 2770 2690 2655 
22 2740 2675 2640 
21 2705 ^ 2660 | 2620 
20 2670 2640 2600 
19 2635 2620 2575 
18 2595 2590 2550 
ሀ N 2550. . 2560 298 

16 2505 2985 2490 


Shotguns, 12, 16, and 20 gauge were found to lose velocity 
 1ከበሠሀበጨጩ፡ሪ by 7 Beet ms second per inch, from ይ length of 27 in. to 
20 in. i 


While we are cn the subject of effect of barrel length on muzzle 
velocity, it would be weil to discuss other "iig ice በሩ 
velocity. One particular facet is the 

perfarmance, in this case, a higher velecity. 
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Consider the question, "Whet is the limiting velocity obtainable 
in the small arms class?" Of course, this means increasing the charge/ 
mass ratio to unusually high levels. Theoretically the absolute 
upper limit is approx. 13,000 feet per second.. However, a number of 
penalties would have to be paid to achieve this. (For nitro-cellulose 
powder, it is approx. 9100 fps.) 


An experiment was conducted to determine tbe effect of changing 
the charge/mass ratio upon muzzle velocity. To assure nezr-instenta- 
neous and cemplete powder burning the grains were ground to a fine 
dust. (This is normally & dangerous practice). Pressures were in 
the order of 100,000 psi, end for high c/m ratios, extremely small 
bullets were used. 


Accordingly, tre following table was compiled; 


(Note how the ratio of powder weight increase compares vith the 
eag 


rate of muggie velocity imere: 


afm Ratio Muzzle velocity 
Cup per ንር t 


a 


2600 fps 
3000 fps 
4200 fps 
6400 fps 
7400 fos 
8000 fps 
9000 fps 
9200 fos 
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icel commercial cartridge to sarreiate powder 
burning rate with aN pons Se. ከኝ. 


Powder cfm PATIO. ETT 
Fast burning low 2800 
Med. turning 25007 2600 


Slow turning 347 2800 


As a practical example of extreme velocity effects, a classis 
xemple is the so-called Paris Gun of World War 1. The Germeng uere 
bogged down on the Hindenburg line 75 miles from Paris, and developed 
three sampies for the purpose of spreading panic among the civilians. 

These were reconstructed 15 inch 45 caliber artillery pieces tubed 
down to 8.26 inches. It is reported that the projectiles were weist 
high and the powder bags per shot twice as high as aman. The gun 

was set at 509, fired at e muzzle velocity over 5200 fps and went 
about 12 miles up, go thet approx. 3/4 of the trajectory was in nezr- 
vacuum., 


One gun blew up, and the other two soon wore out, to be reebare 
relled, A total of 200 rounds were fired. | 


Summarizing the three methoda of achieving high velocity: 


(1) Use of light projectile: This ia inefficient due to the 
extremely poor b&ilietic coefficient., 


(2) Use of long gun with large powder charge: The barrel tube 
is too long to be practical, with serious barrel erosion, 
high preszures. end recoil. 


The ratio of builet mass to gun volume must be emsll, end 
viewing the interior ballieticas theory that the muzzie 
nergy 28 equal to the work done on the projectile, 


(P avg) X AL 5 1/2 m V^ 


55:5. 


“2 ኮኑ” ነው 
a 
a 
92 Cc 
om 
H 
A 
brå 
D 


2T eL AED. A BT 
mv o 
The smaller the m/V, ratio, the higher the velocity, 
Vg s Bore volume 
(3) This 5rings us to the third method of echíeving a high 
velocity, that of ይ small czlibar projectile in ይ large 
caliber gun, made possible by using a sabot of lightweight 
material. 


One method cf removing the sabot at the mugzle is by -using 

a muzzie attachment called a "stripper". The bore is smooth, 
but the stripper is a short length of rifling, that imparts 
à spin to the segmented sabot, centrifugal 


D IN 


. «orce causing it 

to break apart evenly. Alloys of exotic metals are required 
for strippers of any endurance, The stripper length is approx 
4 to 6 calibers lone. 


Muzzle Booster 


Muzzle boosters are used in recoil operated weapons to augment 
the energy delivered to the recoiling mass. For a conventional recoil 
cycle, the recoil mass is accelerated rea Ef while the projectile is 
accelerated forward. If the recoiling mass is too heavy vy, it will not 
have enough energy to complete the = የግም sa a ctoxily for ail firing 
conditions, particularly in adverse conditions and in extended firing 
schedules, 


ps SEP" the weight is necessitated for strength and "heat sump" 


purpose so a muzzle booster is incorporated into the barrel jacket which 
is fixed! to the weapon ናሙ” or frame, and does not recoil with the 
barrel. It traps muzzle gases just as the projectile exits, se that 


the bases impinge between "he capped end of the barrel jacket (muzzle 
booster) end the barrel muzzie face, thue adding to the recoil impulse. 
In this way, some of the excess energy that normally escapes at the 
muzzle is trapped and put to work. Critical dimensions include the 
following: 


A, Exit bore diameter, which must not interfere with maximun bullet 
yaw angle, nor be too large. 


B. Inboard length, which must compensate for increase in barrel 
length due to thermal expansion in prolonged firing. 


C. Barrel bearing diameter, which should not be too emall, thus 
binding when barrel muzzle expe uda thermally, nor should it be large 
enough to permit excessive barrel ve. jacket mis-alignment during muzzle 
vibration, causing interference of bullet with dia, "A", 


tficient 


D. ‘Thickness of jacket, to provide tensile nari lu 
p, without 


2 
A 
to resiststrain caused by gas pressure acting on booster ¢ 
being overweight. 
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Mazale flesh 45 caused by excessive tampareture end presaur 
of muzzle gase 5. A number of chemical additives have been edded 
to the propellant to reduce the tendency to ፲1528ከ. Most heve been 
salts of alksli metels. The most effective wee desium iodide, b 
the most cowmenly used are salts of potassium, Ur potassium sull 

Mechanical flash suppressors are moot effective. ል come ty 
flash hider was first used, but is limited in effective flash su 
pressive action. The average cone type flesh hider has a l2 to 
included angle, and a length of 3 to 6 inches. (7.62mm 

The ber type flash eupprescor ፈ2 most effective in the mann 
that the gases expand through the slots, breaking up the conti 


of the flew, thus p 


is usually neces ጫጨ end 
at right angles, because ges 
right angles, externzily, mix 


effect. 
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The width of the ber ig slightly wider (poktor. .02 inch) t 
the slot opposite it, on eymmetricsl designe. For rifles, the 1 
bar is usually wider, in order that it may function 28 compensat 
in reducing muzzle 5:78 nb. 

The slot sreg facing the bore should be et leset 20 times € 
bore area, The guppressur is usually open-ended, except on ground 
weapons, in which a closed end is used to pre event brush-s pearing 
discomior 
Siileptere 

The use of silencers ds usually limited to low powered weepans. 
A silenced weapon has sdventages on certain applications 
is necessary without revealing one's positicn, 

The principle of e silencer is similar to thet of en 
muffler, in which the energy of the gases is reduced by an 
chamber and baffle system, Silencers ave usually cylindrical in 

and project in front of the barrel as well as around it. The we 
and bulk incresses as e function of the degree of noise suppress 
That 28, there may be a compromise between silencing and volume, 

Only projectiizs traveling set eubesontc vaisiti 22 bec 
mper sínte a projectile at pc aimes ኣሪ veiscity sets up a ab 
wave da the etmoephars, creating a sharp @racking sound alcn 
እ ወች uatil the velocity drops to ምለ 

The weapon dieshetge, however can be silenced, and, cf 
the siléenoer if heavy, ginas it muet withetend the puzzle press 


Diagram "A" 


Diagram "C" 


TYPICAL SÍLENCER DESIGNS 


Silencers are ar id Fitted to weapon 
cause the weight of a n 


is be reeoiling pri 
silencer would vary too greatly. In this case, the silencer could be 
mounted on à non-recoiling barrel jacket. 


The common revolver cannot be compieteiy silenced due to the gas 
leakage at the barrel/cylinder interface. 


The bullet hole shou 
yaw. In some cases a 8 
eventually burns, and i 
if desired. 


An initial chamber allows muzzle blast to be reduc ae and the 
follewing smaller ones dissipate gas ው so thet noise is reduced 
ld 11 bie c ipe case $ je with bull 
ፖነ 


25 ተገ — er ped is inserted, but this 
imited to ይ few rounds before replacement, 


Rs ER 


le b 


he muffler, or silencer, will act as a muzzi eke, 
overheated in extended firing, and requires frequent cleaning, 


In diagram B the sharp muzzie blast peak le reduced, being vente 
about an additional baffle. Muzzle velocity is not appreciably chang 


In order to reduce velocity of standard 


supersenic rounds .(to 
avoid special ammo) some cf the gas may be exhausted into en expansion 
chamber. For exemple, in diegram C the 9mm Parabellum certridge 
(m.v.1330 fps) could employ. this system for optimum silencing. 


By law, silencers are not permitted on-commertcial weapons, but 
certain types of "sound moderators" may be avsi abie, 


The nolee level attained can be measured by a microphone conr ected 


to a cathode ray c ከቁ Deve with photographs taken of the sound 
Waves. 


Muzzle Srake 
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A muzzle brake functions to reduce recoil effect: 
gas at the muzzle and causing a forward impulse to ec 


Usually & Li i P. 4 ሰዊ are formed in a musale breke so that 


Cp ae pweed moms jump to 


The gases should not he completely reversed ox e blast wave may 
reach the shooter's face, eves, or eatp. The porte should be sym- 
metrical, so thet the gun is not turned, sad sheuald not be directed 
downward where Chey would ore a dust cloud. A muscle brake can 

be integreted with 5 cempensator, to kee t 

- 


Essentially, the action of the muzzle gases on a muzzle brake 
is the same as that of (for comparative and demenstrative purposes) 
a jet of high pressure steam on the turbine blades oi a turvine, 
The kinematic analysis of each is similar. The gas, pressure reduces 
quickly at the muzzle and the gases escape with a kinetic energy 
equal to the pressure difference only in the case in which a Laval 
expansion nozzle is fixed at the’ muzzle. The gases must pass 
with a high velocity from the muzzle to the blade (brake). The 
design of the nozzle must accordingly not impede this flow. 


Outflow velocities in. the case of simple parallel openings 
reveal that the critical velocity is far surpassed. 


The cross-sectional boundary where the gases are not yet 
mixed with the air is shown in the accompanying sketch, in gzaphic 
scale. This represents the "jet border" within which os muzzle 
brake must act, also shown in part b. of the sketch. 


The time that the projectile travels fromthe muzzle to the 
brake vane, or blade, is tbe effective period cf the muzzle brake. 
Gas mass is also significant, so the higher charge-to-mass ratio 
(c/m) loads are more efficient. in muzzle brake action. .That is 
weaponsuvsing ammunition with low charge weights cannot effectively 
benefit from use of a muzzle brake. 

To determine the efficiency of the muzzle brake, fire the 
weapon at 09 elevation without the muzzle brake, then with the 
muzzle brake. 


As the difference in the lengths of tbe recoils is only a few 
millimeters, one cam assume in practice that in both cases, with the 
maximum recoil velocity, the recoil lengths are the same, end that 
the maximum recoil velocity occurs at the end of the after effect. 
The brake force K, may have a constant value. 

WE The constant brake force without muzzle brake, 

K' z The constant brake force with muzzle brake 


Gr s Weight of recoil? ing parts. 


I. Without muzzle brake: K, “53 z Gr * V^ max s E, 


(1) እ r3 gs. Yo mer 


BOUNDARY OF EFFECTIVE JET ACTION 
FOR MUZZLE BRAKE IMPULSE 
(typical proportion) 
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V' max < V max and in both cases the lengths of the recoile after 
the after effect are equal beceuse the openings through which the 
flow takes place are closed only after the end of the recoil. 
From this it follows that; 

f y 
(3) p ute. Ko 


and the efficiency of the muazie brake is: 


(4) y e E - E! (100) 
à E 


Since G is almost euqual to G', it follows that; 


(5) y il - V'2 max | . 100 : 
| V* max 


If, also, 82 = S's we may write: 


(6) | aa? Epia 
2 | 
51 = Length of recoil, projectile in barrel 
52 s Length of recoil during the after effect 
$4 z Length of recoil after the after effect 


Consequently, the force of the muzzle brake is: 


(7) Px ኤ 2 . (E-E') 


2 


የይ 


Here it was also taken for grented that 


S) 2 5'2 and K, s Kg unte ው om of the after effect) 


The Reduction of the Recoil 
Without the muzzle brake the total recoil length is: 
(8) IRIS EN 


The brake force on the path sz is; K.4 = Constant 
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With the muzzle brake the total recoil length is: 


9 Claw a m s 
(9) PES 


The brake force on the path s'4 is: K',3 = Constant 


(10) and Kx3 መ K',4 , besides 53 ጋ 'ን 


The question now is how great will be the length of rezoil (:!'3) 
when a muzzle brake is vsed, if the brake force K, 4 is the same as 
without a muzzle brake. We must have: 


(11) Be - S3 3 MAS 5'3 j E - Kåx3 . 433 

Kx3 
And the reduced length of recoil is: Sy - Su + 86 + o." @ 611-89ሬጩር 
because up until the cessation of the after effect, the ው lengths 
are almost the same with and without the muzzle brake. The amount of 
the shortened recoil is: 


(12) me S— (s 14 S'o + s 3) 3 (81 + 82 + 83) ፦ f 5'3 i S" 4) a es 
L2 $4 + 95 ተ S, 
= 83 E 8s 
6 
Since: 
(139 ET $2^J 5'3 
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Weapon Analysis 


This is the most critical, constructive, and informative phase 
of the weapon engineering cycie Here the designer learne to correct 
his mistakes, edjust his iin "ቀዋ redesign bis mechanisms, and join 
with others in evaluating performance. The instrumented test vehicle 
provides time and motion P so that velocites of moving parts are 
determined, -and energy dissipation compared with the weapon cycle. 


In this section, the time-displacement camera and resultant 
capabilities ure e | Followed by an actual analysis of a 
recoil operated machine gun under development. Finally, a visual 
analysis of the Soviet At-47 assauit rifle is given. Firing data 


and time-displacement records were not available, but the description 
will reveal a number of features in this design that should be of 
interest to all small arms design engineers. 


E 


Time-Displacement | Datà 

The time displacement record is one of the most useful 
instruments thet a SIC casigner can use in the development of 
en automatic weapons. A typical drum-type T-D camera is shown 
in the accompanying sketch. With it, the following is determined: 


(a.) Motion of selected component of weapon in distance 
€ o 


(b.) Time of component traverse 

(c.) Dwell time between shots 

(d.) Rate of component traverse during cycle of operations 
(e.) Component bounce, if any 


(£.) Deflection of mount, cr semi-rigid receiver, during firing 
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(g.) Reproducibility of component travel i 
(h.) Rate el fare 
(1.) Time required for mount moticn to dampen out. 


From the timeedisplecement curvo, the following is derived: 


8,) Absolute motiná of given component indererdent of 
mount deflection, 


b.) Velocity of a given component through out its traverse, 


TEST WEAPON TIME-DISPLACEMENT DATA 
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c.) Acceleration and/or deceleration of the sams component, 


d.) Energy balence during recoil and counter-recoil motion, 


e.) Coefficient of restitution of buffer mechanism, 


In a typical test, the weapon la mounted in ይ cradle, oz 
test fixture, and a reflector pin attached to th 
A 


the desired 
component, say operating rod, and another reference pin mounted 
on the receiver, or mount. The T-D camera is positioned 
perpendicular to the, weapon, in a brace of eputlighto, so that 
the reference pina reflect light onto the camera's Jens. 

Within the camera is a 12" dis, rotery drum thst will be 
revolving at a high constant epeed at the time of Firing. A 
series of timing mz£ks (indicating milii£seconda) will be printed 
on the roll to indicete the exact speed. A test exposure is made 


to determine the linear scale, called “inch marke". 


On firing, the light reflected from the referense pin will 
automatically print a curve of cope i aei. rod motion with respect to 
camera drum rotation (time) end a companion curve of mount deflection. 


After development of the print, C 1 be ይ permanent 
record of the operating rod motion diagram, A isual inspection 
will immediately determine whether or not operating rod motion was 
smooth end efficient, or "jerky". By viewing with the eye tangent 
to the curve, discontinuties in motion sare resdily apparent, 

Several phage shots c^ a burst of fire may ie recorded on a single 
sheet, so that the elope of the T-=D curve can be readily compared 
for all rounds as well ሬይ time span to recoil and countcr-recoil 
motion. 


Sudden shifts in slope indicate ch: nge in velocity, energy 
loss, 62 work done. hie is exemplified in the diagram showing 
recoil motion and ettende ant velocity diagram of the 7.62imn M60 
machine gun. Note how the veiocity drops suddenly when the operating 
rod picks up the relatively heavy bolt end doss work in extracting 
the cartridge case. Then ይ velocity increase Indicates effect of 


residual chamber pressure (blowback action). 


The following data shouid be marked on one corner of the 
TeD record for referemoes 


B) Weapon model asi eerial number 


C) Number or rounds fired 


D) Ammunition lot number 


E) Weight of recoiling parts or other components of interes 


F) Purpose of test or J.O. # 


G) Curve Number 


Before evaluating the “operating rod" motion curve, 
4 


that the indicated curve i8 a result of ope: 


plus or minus mount ini dependire upon the mount 


be constructed. This le done as follows: 


motion 


rem 


ing rod motion 


em yes 


a) Leyout a series of vertical evenlyespeced increments, 


ing. ah "ie ran so that መጋ. pase through bot 
motion diagram and the operating rod motion utes 


ያ 
1 


|, ከን When both curves ere in recoil, subtrac 


! 


ct th 


anm, 


motion at each increment from the operating rod motion 


c) When the mount 555. gone forward past the st 


then add the mount motion at each increment to the operating 


rod motion. 


ከ the mount 


T On 


diagram. Therefore, a "corrective" operating rod motion diag: 


&rting plane 


mus 


The resultant series of points will form the ምያ ይፍራው curve 
of cperating rod motion with respect to the receive 


of this curve at any point is the velocity at 
is, the pao of e deus when correct fo 
scales, is the operating rod velocity, as fol 


&.) To determine the time scale, measure the 


msec, (21 lines) and divide by 20 (Never use a e 


# 

between "nc marks", 

C.) Remembering that velocity equals "dietan 
"time", then: 

Vzdz 1/ línesr scale x 1/12 tan -2 
t i/time scale 

For example, in a T-D curve where the "inch m 

inches apart, and the "timing marks" are «263 inch 


V s 1/2.03 x 1/12 tan : @- 10.7 tan @ 


DU wore ወለ aprum A os A ክው a 


1/,7681 x 307 d 


t 
ce 


The 


that pedet. 


and lire 


ope 


divided by 


ር 


tam @ 5 tangent of the curve at any selected point. 


d.) Therefore, to obtewin a velocity diagram, maasure the 
Slope at each increment, and multiply the tangent of the engle 
by the constant (in Chas comp he, 10.7) 


To restate the example, calculate tbe veiccity fer a slope 
in which the angle is 459. The tangent of 45° is 1.0, therefore, 
this will be the constant thet corrects for linear and time scelee. 


Velocities at any other slope is then merely the tangent. of 
the angle times the velocity calculated for e 45° slope. | 


If a time-displacement record shrinks or stretches in time, the 
scale will also move accordingly. Therefore, the record will 
remain accurate, 


An acceleration curve may also be obtained for the operating 
rod motion as follows: | 


a.) After laying out the velocity curve, to some suitable - 
scale, say I1" » 10 feet/second and smosthly connecting the 
points plotted, the slope of the veiccity curve is an indication 
ot the acteleration. . 


An increasing velocity curve shows positive acceleration, 
while a decreasing velocity indicates deceleration, with attendant 
forces, i 


b.) Siwee ae vit, 


a - tan @' X velocity scale/1/ time scale X 1077 


As in the previous example, where in the velocity scale, 
1l" = 10 fps and in the time scale, 1 msec. z ,261 in. This could 
also be statea as 1" - 3,83 ms, so thet the inverse time function 
wouid be used in the above formula. a = ten *e' x 10. . 
M More 20 "ጋ 


>. a 2 2610 tan <== 


f 
rt 
sy 
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Therefore the tangent of the observed angle X 2610 
acceleration at the point observed. 

Ihe firing rate is easily calculated by measuring the horizontal 
distance on tbe T-D nd to à Similar 
point on the succeeding round and appiying the time scale. 
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This may be done tvo ways: 
2.) measured distance/ in/meec. = time; 
cr è b.) measured distance X msec./ín s time, 


depending upon how the time scele is factored. 


Rete of fire = 


Working from layouts, the. positions of key events should be 
marked on the T-D curves; notably the position where the operating 


C 
tor wo 


rod picks up the bolt, or where the accelera tks, or where 

the feed system operates. ¿nowing the masses involved, then 

energy used for esch function may be determined. This can be 
compared with energy required to do the work, such ይይ feeding, etc. 


! As an example, the following dete it taken from a study in 


recoil operated weapons described d: Chinn's Vol. ፲ኛ of "The 
ር Gun" pg, 112. Here. Time-Travel and Time-Vetosity Curves 
cf a Barrel - Accelerator - Boit fiera are illustrated, 


With the given velocities, Energy values ave determined 
by the formula E s W V^ 
e 
ሩ ፪ 


Accordingly, the following was determined: 


Bolt, 5 ib. Barrel, 45 lb. 


At Unlocking 18 fps - 25,2 ft. - ib. 18 fps. 5 226 £t. ~ ib. 


Stert of Acc. 38 Ea & lig. ft. = Iw. 17 fps. 202 fu. - ib. 


tc 


End of Acc, 60 pe - 280 E. r 131865 !” 7 Spe. 
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ht the bolt gained 168 £ft. = me | Re i vaile the barrel 
6 ec 


Thus, 
lost 168 ፈዩ,>35, during the period of alere tion. 


y there would be other lossas that were not shown here, 
a ote, 


The bolt energy gain between unlocking and start of ance 
tergai 3 
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Given an increase in bolt energy of from Z5 to 112 ft. ib. = 
87 £u.-1b. | 
2 ፡ 
1 = 2 D W E 870 "d 26.4 

ጾ 3202 

>, Added Impulse s 5.2 ibi-Se£1: 

time መ .002 see, 
Since. bis F ር. F = 502/007 ጤ 2900 1h, 

For the 20mm cartridge, the case dia. (inside) = .9", 

Agee = .635 in. ` Residual pressuze s F/A s 2600/ .635 s 4100 pei. 


As an average pressure, this is reasonabie, since the presgure at 
the muzzle exit is given as 5000 psi. 


In summation, the energy calculated fer the moving parts should 
be reasonably traced back to the interior ballistic data for either 
the chamber and/or gas cylinder, 


Analysis of a Recotl-Qperated Machine Gun 


As & typical exemple of weapon analy: 
short recoil operated machine gun under 
recent $ OF dng tests at APG, displeyed an undesira 


b 
rate. This weapon is dissi so thet in its cycle of operations, 

ነነ 

rd 


all of the required motions are in series, and depend upon mechanical 
"signals" at the completion of one phase to initiate the follow- 
ing phase in e cycle. Thies principle was employed te Se 


reliability, since the required rate of fii 
facilitate this approach. T 

require two separate mechenie 
This is particularly desira! 


a o 

© «ዜዴ o 
ms to function simuli 
thc a d Gm. 


e 

e y 

Bat የነ] 
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The analysis will correlate the cartridge inpulse with the 
recoil end counter-recoil impulse of the bolt and berrel aszembly 
This will determine whether the principal motive power Le being 
efficientiy utilized in opsrating the weapon., In studying a time 
displacement diagram, a etudy of bolt and barrel velocity arc 
energy Cizerame will reveal any inefficiencies in the ecistripution 
of energy during the weapon cycle." 

The cartridge impulse is 13.1 lb.-sec. This is taken from 
the formuía I = m V, where projectile weight is .522 Ib., and 
velocity averages 790 fps. Gas impulse is neglisibie, since the 
powder charge 35 emali, and s high/low pressure system is used, 
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5 grenade launcher components 


1-6 


Feed cz aeo 
] i E 1 sembiy 6 200 
Feed zi3d€ assembly 1.10 


ርዕ ክክኒቨርር belt am borrel weight in camber 
inked read) is 12.50 lb,, «end Li የሬሬዕ11. (with dese 


sa 13.03 Pb. 


Accordingly, the impulses were compsred. Counter-recoil 
impulse is 2.9 ‘Tb “see. and recoil impulse is 10.3 ib.-sec. for 
a totai of 13.2 lb.-6ec. which 5 in agreement with the cartridge 
impulse ðf 13. i ib.-sec, Velocities were determined from averaging 
a series of time displacement curves as shawn. C'recoil velocity 
is 7.0 fps, while recoil velocity is 25,48 fps. 


The cate from these T-D curves was found to be quite regular 
from shot to shot, end la as follows; (Vj to Vg indicates velos 
cities at principal locations in the cycle) (show below). 

One time displacement curve was analyzed in detail end 
segmented into 52 increments to show displacement, vesority, and 
remaining energy for tbe full boit -barvel traverse. 


du 


ፈኔጓ 
counter-rocoll traverse Ja chvious, and indicates inefficiency 
in the relationship between barrel unlatching and bolt locking. 


The energy 3255 where the holt picks up the barrel during 


Schemetic of T-D Curve 
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The sharp velocity and energy rom ይ 28 & AE |] i ar 
32 where the feed cam £s thifting from ይ 28" giape to a 43-1/20 


slope are most irreguisr. 


The rapid energy decline at points 41 and 42 indicate binding 
of the bolt in the receiver during recoil. 


Feed spring loads were taken as wg Le. az feed cocking can 
measurements end the feed lever crank ratio., . The feed aprings 
have en sssembied loed of 16 Ib. ‘nl arate of 12 lb./inch for 
each of the two springs. The cam has ይ duel camming slope of ሬይ” 
for 1/3 of its stroke, then ይ dads n of gr for the remaining 
2/3 stroke. The feed lever has a cem arm af 2,2 inches end a 
feed slide erm of 4.3 inches for e ratio of 1.95. 


During recoil, the feed mechanism 
1 arm. The feed slide 


መ id . ወመ cb ik sa . un m 
ec Sag ልቅ” ten the feed slide sicugin the bolt 
slide completes 455 8t rok o, then the feed alice s1gnatB a 3 
$ E agi à ood Pa E mAs ms 
po begin ifs chatbering ap fáTtisog strake (in ወ ቤር መ Fae ; 


lt ኩ=ህዌቤፍይ5 after it 
fed and a ¿tópbege occurs, 


e ' ; a - 57 a m em q A Pe se E. - E a n , Lal 
cient of energy return by the bolt buffer de .60; 
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sroved to ,80 by use of 5 iydrzaulic Dacitr. Th 
bolt bounce 45 also sugmenred by drive spring surge. This can 
and 2 


be allevistea by the use of stranded wire drive spring: 


unusual Meca 710 
resultznt feed slide velocity diegrám. 


The feed slide is subjected to > unusuziiy e Zcceleration 
at the point where the cam changes elope. The velocity changes 
from 25.5 fps to 42.6 fps in .3 milliseconds. This results in 

an acceleration of 57,000 fps so & high reaction load will occur 
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A complete redesign of the cam is in order, and a cycloidai 
cam is recommended, of the farm: 


displacement Y zh (0 - 1/2 SIN 2 9) 


«^ s . Z2 e E TTC 1 z 1 
The cyzioidal cem hes the lowest vibration, week, stress, 
noise and shock. The reason for its excellent performance is 
ceccieration at the i 5 
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h = = 
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1 ag ami the rige curve. It is also easy star 

€ Crensisting follower is low, 
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cocking was €velctted and the erratic velocity diagrem indicas 
bouncing of 485. roller, and severe distortion of the feed slide , 
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The feed pawl should be pushing et a low point on t 
periphery. This will resuit in lower operating energies 
feed system, so that spring peak lords can be reduced, cocks 
loads modified to a more fayorable level, and more normal feed 
forcee.redlized. 

The ,45 inch engagement of feed pawi with cartridge should 
be increased te (.52 to ,56) resulting in drive angles of 215 
ig | 
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At the same time, the feed springs may be chenged, This 
feed system is limited in belt pull by the load available at the 
end of the stroke. Therefore, the peak lozds at the beginning 
of feeding may be reduced by using a spring of a lower rate. 


In the present feeder, the springs have a load (at the end 
of the feed stroke) of 32 pounds, but in belt puli firing tests, 
can pull a load of only 13 pounds. This indicates an efficiency 
of only 40%, demanding the improvement in geometry noted '. oon, 
above, `.: | 


The following spring is recommended, compared with the present 
spring: 


Present : Recommended 
Outside dismeter 1395 (909 
Wire diameter 080 029 
Number of coils 43. 60. 


ate 16/in.. ሀ. 1. 4.5 

Assembly load, lb, 16. 207 

Peak load, 1b. SN . $. 

The bolt lugs should be re-designed to eliminate the high 
transverse load thet is causing the boit body to crack. The 
locking lug is an angled block that is positioned at an angle 
18° to the horizontal, This causes a vertical component of force 
of 32% of the load to act in the direction that previous bolts 
bave cracked. 
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The sharp inside rail corner should @lea be elimineted b 
a generous fillet. The sharp corner augments unnecessart 
8 


The bolt cam plate should have both sides of the cain path 
parallel to each other, to prevent belt lock bounce dur ing fume tion . 
Further, the last round sensor should be removed. This le 
a device that holds the feed siide i a cocked position after 
the lest round in the belt of ammunition is fired out. hia 
device creates a safety hazard in that bie ne réiges the cover, 
his fingers may well be in the slide path, and if the sensor is 
inadvertently touched, the slide is released with devesteting 
results; This is very iikely to occur during normal servicing. 
Functionally, the mechanism. is not important. 


Maximum recoil acceleration is shown as an 86% lift angle 
in the velocity diagram. This is equivalent to an ecceleration 
of 42,000 fps 


Using Fz m a, F 5 13.03 X 42,000/g.s 17,000 lb. This agrees 
with & chamber pressure of 10,000 psi, which develops a load of 
20,000 ii 


Duration of the acceleration peax is ,4l 


Also, considering that theoretically, recoil velocity is 
inversely proportional to bullet mass, we have: 

^ z W. Y 

Mos To "o 6 

V a 700 ams 


Wp & XB ur. 
Wy. € 13103 1b, 
Vee 994 1 790713708 e 32.5 pp. 


This should agree with the total turn-eround velocity, which 
O an ceudPer-recogil and 25.48 in regodl, for a tara! of 


Therefore observed results are in agreement with the general 
kheory. 


A further study of the critical feed slide / ectueting mass 
reveals the following relationships: 


fs 


|, With ወ € sifide TÉ 1,1 m, the réatticn due to a 
57,000 fpe acceleration 25 1.1 X 57. pone Lo ገሊ. 
3800 Ib. (Erat item 8.) 


b. The comparable barrel force at the same point: 


i 995 MW». 

Zid us 

cm, OS 

.3 msec. 

5320 pe” 
Eme 3 2160 lb. 


>” as 
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This is why the barrel mass does not hewe sufficient force 
to drive the feed slide efficiently, but rather causes a sharp 


loss of energy in the primary mass. 


c. The energy absorbed by the feeder during the period of 


high acceleration: 
> | 
5:4 25 (94.8 = 20% 6 ዚን. - ie 


a 


Barrel stroke = .0079 ft. during this period 


F = 15.8/.0079 = 2000 15. 


d. Energy transfer from barrel mass to feed slide (per 


T-D curve) 


t = ,00118 sec. (note increase from theoretical .0003 time) : 


- 2 
= | ds dh (532 - 45.3%) 
: 64.4 

Es 5 13.ft. ]b. 


This agrees with the 15.8 ft.-lb. given up by the berrel. 


e. An energy distribution chart was calculated for the 
This is 
the critical portion of the cycle in which the area of 


eleven millisecond time period after firing. 
inefficiency predominated; 


Energy Distribution fer ll msec after firing: 


t Mass Energy Diff Slide Travel Slide Energy 
1 45 m". - - 
2 12 $185 0 2,45 
3 143 4:20. 35 26 , 

4 CC. -—— we) ae 27.5 
5 62 ————— =36, —— 1.55 — 46.0 
6 70 —— 48. "| 22,5 
y». ml ማችኦጆ Bred 9.8 
8 88 u^. . ፈረ 3,3 
9 54 +6, 2.8 , 83 
10 93 al. 278 0 
113 " 91 "e : 


Eagergy in ft, - 1h. 


Trevel in inches 


The most significant relationships ere; 

At ms (4), 31% of mass energy is transferred to feed system 

At ms (5), 32% transferred to feed system 

At ms (6), 40% of slide energy ie transferred to mass (bolt $ barrel) 
Total energy released from mess to feed system z 49 ft. lb. 

Total energy absorbed by feed springs = 16.2 ft. lb. 


Efficiency = 33% 


In conclusion; the weapon appears to be sensitive to the 
following combinations: l 


(a) Feed spring load vs. sear spring load, 
(b) Drive spring lead vs. sear plate. spring load, 
, (c) Bolt bounce time at sear va. time for feed pawis to 
engage round and start feed, 
' (d) Barrel unlocking time vs. time for cem pletes to 
initiate boit locking, 
(e) Gouging between feed lever roller and bolt, causing 
sharp energy losses, j i 
(£) Alignment of corner of link with cartridge stop red. 


These critical areas must be eliminated if the weapon is 
to be suitable for service. 


18. Summarizing the recommendations offered; 


(8.) Improve feed cocking cam contour 
(b.) Feed pawis should be lowered 
(c.) Feed springs should be changed to reduce peak load. 
(d.) Use stranded wire for drive springs 
ርፎ.) Radius the corners of the feed arm roller 
(£.) Improve bolt lock geometry 
(g.) Hard-coat guideways in aluminum receiver. (In the long 
run, a steel receiver would be more favorable) 
(h.) Remove last-round sensor 
) Relocate enti surge pawl to a position nearer the bolt. 
(3.) Finally, avoid sharp, re-entrant corners through the 
weapon design. | | 
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The Soviet AK-47 Assault Rifle 


ብው ‹‹፦ምፍ.-- LU A 


Brief History of Soviet Automatic Rifle Development 


Prior to the Soviet activity in automatic rifle systems, the 
standard bolt action rifle was the 7.62mm 1891 Mosin-Nagant, in 
several rifle and carbine versions. Advances in automatic weapon 
development led to the 6.5mm 1916 Tedecov, the 7.62mm Simorov Automatic 
Rifle of 1936 and the 7.62mm Tokarev cemi-automatic rifle cf 1940, 

The Tokarev is quite similar in principle to the Eelgian FN rifle, 

These weapons did not prove to be suitable for service, so 
the bulk of infantry weapony in World War II featured the PPD end PPSh 
series of sub-machine guns chambered for the Type P-7.62mm Pistol 
Cartridge with a muzzle velocity of 1640 fps. Longer range firing 
required extensive use of heavy machine guns, 


Accordingly, since the effective range of the sub-machine guns 
was limited, a family of weapons built around à more effective, 
but lightweight, cartridge was required. This led to the development 
of the 7.62mm M43 cartridge that apparently was a counter-part of . 
the 7.92 German Kure (short) cartridge, The effective range is in 
the order of 440 yards. Evidently, the trade-off between "firepower" 
as a matter of number of rounds carried and "firepower" as a matter of 
effective range, wes well considered, | 


The submachine guns of World War 11 are no longer used in the 
Soviet armies, being replaced by the AK-47 types. A number cf 
satellite armies still retain the sub-machine guns, of economic 
necessity. 


As discussed previously, the following analysis is only visual, 
as instrumented firing records were not available. 


Analysis ዕደ Sovict AK-47 Assault Rifle - 

The Soviet 7.62mm Model AK-47 is a magazine fed, percussion fired, 
gas operated, semi/full automatic weapon. In its gecmetry, it has a 
slight drop-stock, pistol grip, with the gas piston located above the 
barrel, ramp-type open sights, with a battle range setting of 300 
meters, and a mid-height front sight. 

The thirty-two round magazine curves forward, to.suit. the accumulated 
taper of 32 rounds, and extends epproximately 7.0 inches below tne 
receiver. 


The selector lever also functions as a receiver dust cover when 
the selector is in the safe position, ‘This provides good visual 
reference for the shooter as well as "touch" reference at night- 
time. 


In general appearance, with a short barrel and pistol grip, 
it may be first considered as a subemachine gun, but the /.62mm 
cartridge places it nearer the rifle class. 


Its principal characteristics, compared with the U.S. Mi4 rifle 
are as follows: 


AK 47 M 14 
Overall length 3452 in. au. in. 
(no flash supp.) (with flash supp.) 
Barrel length 18.37 በ 22.0 if 
Weight without magazine $.5 Tb: | 944 db. 
Magazine weight 140 11. b 105. 


Magazine capacity 32 rounds 20 rounds 
semi auto 


(selector cptionzl) 


Fire type semi/full auto 


Bolt carrier dwell ` ጋ Him - 440 in. 
Travel to end of unlock .09 in. 594. Tihs. 
Tetsl bolt carrier travel 2 ው din. 

Bolt rotation to unlock 35° 


Ammunition Characterisitics: 


ሕገ f 
um 
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M43 KATO 
(AK 47) (M 14) 
Caliber 7 .62mm 7 .G2mm 


Round weight 


Round length 


253 grains 


2.48 4m 3 


375 grains 
228 AM 
2.01 5. P a 


159 grains 


Charge weight 
Muzzle velocity 2920 117 


Effective range 440 yards 


NATO 
(M14) 


47 grains 
2800 fps 


660 yards 


There are five variations of the Soviet M43 cartridge (1) 
Ball type with mild steel core, (2) Tracer type T-45, (3) Azmor 
piercing, incendiary, (4) Incendiary tracer, and (5) Blank, 


with rosette style crimp. 


Additional AK-47 Technical Data: 
Weight of reciprocating masses: 
Bolt assembly 
Bolt carrier assembly 
Drive spring assembly (.066/2) 
Total | 
Ratio of primary mass to 


secondary mass: 


Firing Mechanism: 
Firing pin weight 
Hammer weight 


Mass Ratio 


Gas System 
Piston diameter 
Piston travel before bleed 


Gas regulator: none required 


Rate of Fire 
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Approx. 


198 1b. 
99 1b. 
.033 1b. 


1,221 lb. 


S ORP 1 


(NIS Tb. 
«104 Jb, 


7 O 


508 du. 


XO dar. 


600 shots/mín. 


Om» 


The breech mechanism consists of a rotating bolt actuated by a 
reciprocating bolt carrier. The bolt carrier rides in keyways in the 
receiver. An internal cam is machined in the forward section of the 
bolt carrier and rotetes the bolt during the locking and unlocking 
phases of the cycle. Two locking lugs are positioned at the front 
of the bolt and are diametrically opposed. The lock cam lug is 
mounted on the outside periphery of one of the bolt lugs, increasing 
the moment arm for a favorable cam force leverage. This mechanism 
is a further development cf the U.S. Ml rifle bolt mechanism. 

Note the highly favorable mass ratio between bolt carrier and bolt. (5/1) 


A\ slender cylindrical section of the bolt body is supported in 
the bolt carrier. The bolt also contains a free-floating firing 
pin m an extremely simpie cylindrical extractor. 


A single drive spring, mounted in a telescoping guide rod, drives 
the bolt carrier assembly in counter-recoil. The guide rcd base also 
functions as a cover latch; therefore the spring serves double 
duty. Also,when the spring assembly unit 18 removed, it remains as 
an easily handled sub-assembly. The receiver housing may be 
removed and the weapon function, for visual inspection of the 
operating mechanism, may be studied. 


The ges system is cf the plain impingement system, with the 
piston being an integral part of the bolt carrier. The piston 
end is concave, as is the end of the gas piston housing. This 
provides an initial chamber volume. The upper handguard is 
also the piston housing, with gas bleed holes incorporated in 
the gas cylinder extension. A single gas orifice is used, with no 
edjustment for power necessary. The gas piston is ribbed, for 
rigidity, and the operating rod is easily accessible for the bolt 
cam cuts. 


The receiver also functions as the firing mechanism housing 
assembly. The firing mechanism is not a modular unit, as in the Ml rifle. 
The firing mechanism has eleven parts, including three retaining pins. 
The automatic sear spring has a single long arm that groove-locks 
these pins. Three sears are used in this mechanism with & double 
claw hammer for the primary and secondary sears, and a single 
(hammer hub) notch for the automatic sear, actuated by the operating” 
rod. The primary and secondary sears are identicai to the Mi in 
principle. When the hammer is in battery position, the safety can 
be applied. This would cause a jam when attempting to charge the 
weapon. However, the charging siot closure is a good visual indicator 
that the safety is on. . 


The selector shaft controls the functioning of the semi-automatic 
sear and trigger. 
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The front sight is a hooded post which can be adjusted by using 
the combination tool in the tool kit, either by screwing up or down, 
or moving left or right. The rear sight is of the conventional 
V-notch tangent leaf, the sight radius being approximately 15 inches. 
The upper forearm is retained by a latch on the rear sight. When 
the upper forearm is removed, a latch for the lower forearm is 
revealed. The lower forearm conceals a hiding pocket in the receiver, 


The curved magazine tube is made of heavy gauge spot-welded 
construction with critical areas, such as the feed lips and catches, 
being machined. The magazine follower is a stamping, with a long 
skirt to control tipping, by its close fit with the inside wall of 
the magazine. 


The magazine contains a number of highly desirable design features. 
The extremely rugged magazine lips are most favorable for extended 
field use. The magazine foilower does not have to be critically 
balanced between ammunition stacx and follower spring. No matter 
where one bears down on the follower (the center, forward, or rearward 
positions) the follcwer moves in the magazine tube smoothly. The 
spring design, therefore can be simple cval coils, free of stress 
concentrations, and free from binding along the magazine ribs, 


The magazine follower design, together with the 5/1 mass 
ratio between bolt carrier/bolt are the two reasons why this 
weapon continues to fire in the field with old, corroded, 
apparently unusable, ammunition. 


A hole at the lower rear surface of the magazine tube is an 
excellent visual indicator that the magazine is full. The user 
merely adds rounds to the magazine until the bottom round shows 
up in the hole. 


A three piece tool kít is mounted in the buttstock, with a spring- 
biased pressure plate facilitating entry and removal. The kit contains 
a combination tcol, a bore brush, and a cleaning patch prod, or jag. 
The combination tool provides a screw driver biade, a punch, and two 
wrenches. The cleaning rod is stored under the barrel and through 
the lower hand guard. The body cf the tool kit is a tool handle, 
and the cap can be attached to the muzzle of the barrel as a guide 
for the cieaning rod, and, presumably, as a blank firing attachment. 


The cycle of operation is quite identical, in principle, to the 
M 14 rifle, except that a fixed ejector, integral to the receiver, is 
used. 


Weapon field stripping is accomplished without tools, by a 


system of guide slots in the receiver, for the operating rod, and 
retaining latches for the upper and lower hand guards. 
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The barrel is rifled with 4 lands and grocves, with a right hand 
twist. The muzzle attachment nut is threaded left-hand. The gas 
port is at an angie, which simplifies cleaning. No parts other than 
the gas piston and upper forearm are removed for this bit of maintenance. 
Training in weapon maintenance is considered to be fairly simple. 
While not convenient for bayonet fighting, the short weapon length 
is handy for street and house-to-house fighting. The basic weapon 
is also equipped with a folding buttstock, for paratroop and special 
services. 


Note that no flash suppressor is used, in spite of the short 
(16.3 in.) barrel; however the powder charge is low, being only 
25 grains. 


An estimate of production cost was made, and based on a quantity 
of a lot of 2 million rifles, the weapon would cost approximately $60.00 
without product engineering or final inspection services. Also, it was 
estimated that approximately 550 machine operations are necessary, as 
against 800 for the M14 rifle. The weapon is almost completely made 
from milled steel components, with few stampings being made. This 
is a reversal of form, since most World War II Soviet weapons used 
stampings en masse. The receiver hes relativeiy few complex milling 
cuts, and an insert is used to cam the bolt into the barrel extension 
at the start of the lecking rotation. 


This weapon is stendard issue not only in the Soviet Union, 
but also in the satellite countries of East Germany, Rumania, 
Hungary (with modified handguerd and plastic pistol grips) as 
well as in Communist China, which designates their production 
as 7.62mm type 56 assault rifle. This is supplied to North 
Vietnam aleo. The Czech assault rifle is similar in outward 
appearance, but is redesigned internally to a different mechanism. 


in summary, the AK-47 weapon employs a compact, essentially 
well-designed bolt mechanism, with the action suited to the short 
7.62mm cartridge. Generally, this cartridge is considered in 
Europe as the "mid-'30" cartridge, that is, of energy leyels 
mid-way between the U.S. Cal. .30 carbine and cal. 3019 cartridges. 
It is considered 23 a further development of the German 7.92 mm 
Kurz (short) cartridge. However, for machine guns, the Soviets still 
retain their oid 7.62mm rimmed fuli length cartridge (as well as in 
accuracy match rifles). 


earer rifle class than sub-machine gun 
ected. The average submachine gun firing 
single shots will prsduce a group of from 12 to 18 inches diameter 
at 100 yards. The AX 47 will group in 6 inches at 100 yards. 

In full actomatic fire, the weapon climbs rapidly, when firing 
bursts of 5 or more rounds, therefore a good gripping position 

on the forestock and sling is necessary. 


AK-47 accuracy is 
class, as should be exp 
u 
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| The weapon fires from the closed bolt position for either 
the semi automatic or full automatic cycles of operation. There 
is no bolt-hold-open device to hold the action open after the 
last round in the magazine is fired. 


The AK-47 will eventually be replaced by the AKM, a modifi- 
cation which is characterized principally by a sheet metal receiver, 
rather than the milled receiver, as well as several other minor 


changes. 
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- VII Bibliography and Recommended Reading 


. Much of the material discussed in this manuscript is taken 
from data developed at Springfield Armory. All of the material 
is unclassified. 


| Many of the chapters are augmented by supporting data taken 
from several Ordnance libraries. A bibliography lists the books 
used, together with an identifying subscript which correlates the 
sources with the corresponding chapters of the manuscript. 


For additional data, on any of the topics listed, the volumes 
noted should be used for reference, among others. 


The designation "SA" indicates topics in which Springfield 
Armory data was prominent. Certain chapters, notably on 
"Firing Mechanism Design" and "Feeding" contain only SA data. 
Much of this has not been documented previously, and is 
knowledge acquired through "on-the-job-training" at Springfieid 
Armory. 
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Courses of Study 
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In becoming knowledgeable as to Small Arms Ordnance principles 
and practice, there are a number of sources of information available 
to the desígn engineer. These include the following: 


a. Hardware and Literature Survey 
b. On-the-job training 
c. Extension courses 


The "hardware and literature survey" includes both museum 
and library facilities and will familiarize the engineer with 
many of the facets of ordnance engineering conducted in the 
past. Much engineering has been done in the past that was not ፡.... 
successfully concluded because of production limitations, metallurgical 
limitations, and other requirements that would not pose a barrier today. 
The physical principles employed are the important elements, rather. 
than the outward appearance. 


On-the-job-training is highly specialized and time-consuming 
training process. The more knowlegeable an engineer is about prior 
art, the less likely he is vulnerable to making a false start. 
However, he should not be limited to prior art, as quite often a 
bcld new approach will result in marked improvements in performance. 
Proper supervision in "on-the-job-training" stabilizes the engineer 
and the program. 


Extension courses are most valuable in augmenting both prior 
art studies end on-the-job-training. These are available to 
engineering personnel and usually are free of charge. The Ordnance 
School conducts a wide variety of these courses; the ones of 
principle interest ere as follows: 

Credit Hours 


ORD 4 - Fundamentals of Ballistics 16 
ORD 411 (61) Machine Guns 19 
ORD 413 (63) Hand & Shoulder Weapons 14 
ORD 508 (111) Research & Development 10 
ORD 601 Weapons Familierization 5 
ORD 605 (60) Principles of Small Arms . e 
ORD 606 (69) Armament Principles 12 
ORD 713 Aircraft Armament Subsystems 2 
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Personnel may apply for these, and other, courses by filing a DA 
Form #145, and in block #7 address: 


Commanding Officer 

Rock Island Arsenal 

Rock Island, Illinois 61201 
ATIN: SWERI-PTT-2430 


or through the training branch of any other appropriate installation. 
Other courses of interest include those in an engineering 
curriculum such as: Strength of Materials, Kinematics, Dynamics, 


Metallurgy, etc. with "Strength of Materials" considered as the 
most important one by this writer. 
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